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ABSTRACT
T h re e  c u l t i v a r s  o f  L i l i u m  l o n g i f l o r u m .  T h u n b . ,  ' A c e ' ,  
' N e l l i e  W h i t e '  and 'H a r s o n '  were  f o r c e d  f o r  t h e  s p r i n g  o f  
1983 and 1984 i n  g r e e n h o u s e  s e c t i o n s  w i t h  minimum te m p e r ­
a t u r e s  o f  1 0 r 1 4 . 5  o r  1 8 .9 °C  u n t i l  5 weeks a f t e r  em ergence  
(p h a s e  1 ) .  P l a n t s  f  rom e a c h  t e m p e r a t u r e  t r e a t m e n t  w e r e  
t h e n  d i v i d e d  e q u a l l y  among t h e  3 t e m p e r a t u r e  r e g i m e s  
(p h a s e  2) t o  g i v e  9 t e m p e r a t u r e  h i s t o r i e s .  The d e s i g n  
was b a s e d  on  r e s u l t s  f r o m  a  p r e l i m i n a r y  e x p e r i m e n t  i n  
1982 .
Fewer f l o w e r s , f e w e r  l e a v e s  and s h o r t e r  t e r m i n a l  h e i g h t  
were  a s s o c i a t e d  w i t h  h i g h e r  minimum t e m p e r a t u r e s .  F lo w er  
a n d  l e a f  n u m b er  w e r e  m o s t  a f f e c t e d  by  e a r l y  ( p h a s e  1) 
t e m p e r a t u r e  t r e a t m e n t .
' A c e '  p r o d u c e d  m o re  f l o w e r s  a n d  m ore  l e a v e s  t h a n  
' N e l l i e  W h i t e '  o r  ' H a r s o n ' .  'H a r s o n '  was t h e  t a l l e s t  o f  
t h e  3 c u l t i v a r s  f o l l o w e d  by  'A c e '  t h e n  ' N e l l i e  W h i t e ' .
T e m p e r a tu r e  t r e a t m e n t s  d i d  n o t  i n f l u e n c e  t h e  t i m e  
r e q u i r e d  f o r  t h e  b u l b  t o  emerge f rom p o t t i n g .  The o t h e r  
g ro w th  s t a g e s :  em ergence  t o  v i s i b l e  f l o w e r  bud and f l o w e r
bud t o  open  f l o w e r  to o k  fe w e r  d a y s  u n d e r  h i g h e r  t e m p e r a ­
t u r e s .
' N e l l i e  W h i t e '  w a s  q u i c k e s t  t o  r e a c h  t h e  f i r s t  
v i s i b l e  bud s t a g e  f rom  em ergence  when a l l  c u l t i v a r s  had 
e x p e r i e n c e d  10°C i n  p h a s e  1 .  Under a l l  o t h e r  t e m p e r a t u r e
x i
t r e a t m e n t s ,  'H a r s o n 1 m a tu re d  j u s t  a s  q u i c k l y  a s  ' N e l l i e  
W h i t e ' .  'A c e '  was q u i c k e s t  t o  r e a c h  f i r s t  o p e n  f l o w e r  
a f t e r  t h e  bud s t a g e .
B a s e  t e m p e r a t u r e s  were  e s t i m a t e d  f o r  ' A c e ' ,  ' N e l l i e  
W h i t e '  and 'H a r s o n '  E a s t e r  l i l i e s  by  r e g r e s s i n g  c h an g e  i n  
p l a n t  h e i g h t ,  c h a n g e  i n  l e a f  number and p r o g r e s s  p e r  d a y  
o v e r  3 g r o w th  s t a g e s  ( t h e  p e r i o d s  f rom p o t t i n g  t o  emer­
g e n c e ,  e m e r g e n c e  t o  f i r s t  v i s i b l e  b u d  a n d  f ro m  f i r s t  
v i s i b l e  b u d  t o  f i r s t  o p e n  f l o w e r )  on  t e m p e r a t u r e  an d  
d e t e r m i n i n g  t h e  x - i n t e r c e p t .
U s i n g  t h e  e s t i m a t e d  b a s e  t e m p e r a t u r e s ,  h e a t  u n i t s  • 
w ere  m easu re d  f o r  a l l  t h r e e  c u l t i v a r s  f rom em ergence  t o  
f i r s t  open  f l o w e r .  ' N e l l i e  W h i t e '  gav e  t h e  b e s t  u n i f o r m i t y  
i n  h e a t  u n i t s  f o r  a l l  t h r e e  y e a r s  f o l l o w e d  by  'H a r s o n '  t h e n  
' A c e ' .
By s u b s t i t u t i n g  v a r i o u s  b a s e  t e m p e r a t u r e s ,  i t  was 
o b s e r v e d  t h a t  a c c u m u l a t e d  h e a t  u n i t s  f r o m  e m e r g e n c e  t o  
f i r s t  open f l o w e r  were  m ost  c o n s i s t e n t  a c r o s s  y e a r s  when 
a  b a s e  t e m p e r a t u r e  o f  0°C was u se d  f o r  ' N e l l i e  W h i t e '  and 
when a  b a s e  t e m p e r a t u r e  o f  3 .7 °C  was u sed  f o r  'A c e '  and 
' H a r s o n ' .
x i l
I n t r o d u c t i o n
L i l i u m  l o n a i f i o r u m . T h u n b . ,  was f i r s t  i n t r o d u c e d  i n t o  
E ng lan d  a b o u t  1 8 1 9 .  I t s  name i s  d e r i v e d  f rom  t h e  C e l t i c  
word " l i "  m eaning  w h i t e n e s s  (7) . The w h i t e n e s s  o f  i t s  
f l o w e r  and t h e  f a c t  t h a t  i t  b looms s o  n e a r  E a s t e r  so o n  gave  
i t  a  r e l i g i o u s  s i g n i f i c a n c e .  I t  became known a s  t h e  E a s t e r  
l i l y  and i m m e d i a t e l y  became one  o f  t h e  m ost  p o p u l a r  p l a n t s  
i n  c o m m e rc ia l  f l o r i c u l t u r e  ( 3 4 ,  5 8 ) .
The E a s t e r  l i l y  b u l b  m ust  b e  grown i n  a  g r e e n h o u s e  
( f o r c e d )  t o  b e  r e a d y  f o r  E a s t e r  i n  t h e  U n i t e d  S t a t e s .  
S i n c e  t h e  d a t e  o f  E a s t e r ,  t h e  f i r s t  Sunday a f t e r  t h e  f i r s t  
f u l l  moon f o l l o w i n g  March 2 1 ,  v a r i e s  f rom  a s  e a r l y  a s  March 
22 t o  a s  l a t e  a s  A p r i l  2 5 ,  t h e  f o r c i n g  p e r i o d  must  s t a r t  
e a r l i e r  o r  l a t e r  d e p e n d in g  on t h e  d a t e  o f  E a s t e r  ( 2 5 ) .
T h e re  i s  a  p r o b le m  i n  t i m i n g  l i l i e s  f o r  E a s t e r  s i n c e  
t h e r e  i s  so  much v a r i a t i o n  i n  t e m p e r a t u r e  t h a t  o c c u r s  
d u r i n g  t h e  f o r c i n g  p e r i o d .  W ith  an  e a r l y  E a s t e r ,  f o r c i n g  
i s  r e q u i r e d  d u r i n g  p e r i o d s  o f  s h o r t e r ,  c o l d e r  d a y s  a n d  
n i g h t s  t h a n  a  l a t e r  E a s t e r .  I n  f a c t ,  many g r o w e r s  have  
m is se d  E a s t e r  i n  r e c e n t  y e a r s  b y  b e i n g  t o o  l a t e  f o r  t h e  
e a r l y  E a s t e r  o f  1983 and t o o  e a r l y  f o r  t h e  l a t e  E a s t e r  o f  
1 9 84 .
I n  o r d e r  t h a t  t h e  g ro w e r  m ig h t  know how t o  a d j u s t  
h i s  g r e e n h o u s e  t e m p e r a t u r e  t o  h av e  l i l i e s  i n  b lo o m  f o r  
E a s t e r ,  W i l k i n s  and R o b e r t s  (60) have  d e v e l o p e d  t h e  l e a f
2c o u n t i n g  t e c h n i q u e .  T h i s  t e c h n i q u e  r e l i e s  on t h e  f a c t  
t h a t  t h e  n u m b er  o f  l e a v e s  w h i c h  m u s t  u n f o l d  b e f o r e  
f l o w e r i n g  i s  p r e d e t e r m i n e d  i n  t h e  b u d  s t a g e .  T h i s  
number v a r i e s  f rom  y e a r  t o  y e a r  b u t  c a n  be  d e t e r m i n e d  by 
d i s s e c t i n g  t h e  s h o o t  when t h e  p l a n t  i s  10 t o  15 c e n t i m e t e r s  
(cm) t a l l .  By knowing t h e  t o t a l  number o f  l e a v e s  which  
m ust  u n f o l d  b e f o r e  t h e  f l o w e r  w i l l  a p p e a r , a  g ro w e r  c an  
a d j u s t  t e m p e r a t u r e  t o  c o n t r o l  t h e  r a t e  o f  l e a f  u n f o l d i n g .
The l e a f  c o u n t i n g  m e th o d  d o e s  n o t  p r o v i d e  a  good 
g u i d e  t o  t h e  g r o w e r  f o r  how much h e  m u s t  a d j u s t  t h e  
t e m p e r a t u r e  t o  c o n t r o l  p l a n t  d e v e l o p m e n t .  A n o th e r  method 
i s  r e q u i r e d  s o  t h a t  no  g ro w er  n eed  m is s  E a s t e r .
The h e a t  u n i t  s u m m a t i o n  m e th o d  h a s  b e e n  u se d  t o  
p r e d i c t  t h e  m a t u r i t y  o f  s u c h  h o r t i c u l t u r a l  c r o p s  a s  sw ee t  
c o r n  (1) l e t t u c e  (38) and t o m a t o e s  ( 6 ,  4 1 ) .  I t  works  on 
a  s i m i l a r  p r i n c i p l e  t o  t h e  l e a f  c o u n t  m e th o d  b u t  i t  
o f f e r s  a  more p r e c i s e  g u i d e  f o r  a d j u s t i n g  t h e  t e m p e r a t u r e  
i n  o r d e r  t o  c o n t r o l  d e v e l o p m e n t .
I f  t h e  number o f  h e a t  u n i t s  r e q u i r e d  t o  d e v e l o p  a 
l e a f  i s  t h e  same f o r  a l l  l e a v e s  on  t h e  s h o o t  a n d  t h e  
nu m ber  o f  l e a v e s  w h ic h  need  t o  expand  b e f o r e  f l o w e r i n g  
c a n  b e  d e t e r m i n e d  by  a p i c a l  d i s s e c t i o n , t h e n  t h e  t o t a l  
h e a t  u n i t s  r e q u i r e d  f o r  f l o w e r i n g  c a n  be  c a l c u l a t e d .
By d i v i d i n g  t h e  t o t a l  h e a t  u n i t s  r e q u i r e d  f o r  
f l o w e r i n g  b y  t h e  n u m b e r  o f  g r o w i n g  d a y s ,  t h e  a v e r a g e  
d a i l y  h e a t  u n i t s  r e q u i r e d  t o  k e ep  t h e  d e v e lo p m e n t  o f  t h e
3l i l y  on s c h e d u l e  c a n  b e  d e t e r m i n e d .  T e m p e ra tu re  a d j u s t ­
m e n t s  c a n  b e  made o n  a  d a i l y  b a s i s  t o  p r o l o n g  o r  t o  
s h o r t e n  t h e  d e v e lo p m e n t  p e r i o d .
To u s e  t h e  h e a t  u n i t  s u m m a t i o n  m e t h o d ,  a  b a s e  
t e m p e r a t u r e  must  f i r s t  b e  d e t e r m i n e d .  The b a s e  t e m p e r a t u r e  
r e p r e s e n t s  a  t h r e s h o l d  f o r  g r o w t h .  A t  o r  b e l o w  t h i s  
t e m p e r a t u r e ,  a  p l a n t  w i l l  n o t  g r o w .  T h i s  t e m p e r a t u r e  
v a r i e s  among s p e c i e s .
Once t h e  b a s e  t e m p e r a t u r e  h a s  b e en  d e t e r m i n e d ,  t h e  
nu m ber  o f  h e a t  u n i t s  r e q u i r e d  f o r  f l o w e r i n g  c a n  b e  
m easu red  f o r  e a c h  c u l t i v a r .
T h i s  s t u d y  d e t e r m i n e d  t h e  b a s e  t e m p e r a t u r e  f o r  
' A c e ' ,  ' N e l l i e  W h i t e ' ,  and 'H a r s o n '  E a s t e r  l i l i e s  grown 
u n d e r  3 t e m p e r a t u r e  r e g i m e s  i n  19 8 2 ,  1983 ,  and 1984 and 
examined t h e  r e l a t i o n s h i p  b e tw e e n  h e a t  u n i t  s u m m a t i o n s  
and p l a n t  d e v e l o p m e n t .
Review o f  L i t e r a t u r e
T he  E a s t e r  L i l y ,  L i l i u m  l o n g i f l o r u m  T h u n b .  i s  a  
n a t i v e  o f  J a p a n  a n d  n a t i v e  t o  t h e  L i u - c h i u  I s l a n d s  
( 6 2 ) ,  I t  i s  n o r m a l l y  c a l l e d  " b l u n d e r b u s s "  o r  "gun  l i l y "  
i n  J a p a n  b e c a u s e  o f  i t s  l o n g  t r u m p e t - l i k e  f l o w e r  (4 3 )  . 
" B l u n d e r b u s s "  was f i r s t  u se d  i n  1794 by  C a r l  T h u n b e r g ,  a  
p h y s i c i a n  f o r  t h e  D u tch  E a s t  I n d i a  Company (4 4 )  . H i s  
d e s c r i p t i o n  o f  t h e  l i l y  i s  r e c o r d e d  a s  t h e  f i r s t  ( 5 0 ) .
As e a r l y  a s  1 8 7 6 ,  J a p a n  b e g a n  e x p o r t i n g  t h e  l i l y  
b u l b  t o  Europe  and t h e  U n i t e d  S t a t e s .  W ith  World War I I ,  
d i s e a s e  p r o b le m s  and t h e  i n t r o d u c t i o n  o f  new c u l t i v a r s  i n  
t h e  U n i t e d  S t a t e s ,  J a p a n ' s  e x p o r t a t i o n  o f  l i l y  b u l b s  
d e c l i n e d  ( 5 8 ) .
T o day ,  m ost  l i l y  p r o d u c t i o n  i n  t h e  U .S .  i s  a lo n g  t h e  
West C o a s t  i n  t h e  n o r t h e r n  p a r t  o f  C a l i f o r n i a  a n d  t h e  
s o u t h e r n  p a r t  o f  O re g o n .  ' N e l l i e  W h i t e '  and 'A c e '  a r e  
t h e  two l e a d i n g  c u l t i v a r s  u s e d  f o r  g r e e n h o u s e  f o r c i n g  ( 3 4 ,  
5 8 ) .  'H a r s o n '  i s  a  p o p u l a r  s o u t h e r n - g r o w n  c u l t i v a r .  
P r e c o n d i t i o n i n g  t he L i l y
T h e  E a s t e r  l i l y  i s  f o r c e d  t o  b lo o m  a t  E a s t e r .  
S t u a r t  (5 1 )  f o u n d  t h a t  t h e  b u l b  n e e d s  a m o i s t  c o l d  
( v e r n a l i z a t i o n )  t r e a t m e n t  i n  which  t h e  b u l b  i s  s u r r o u n d e d  
by  m o i s t  p e a t  o r  s o i l  f o r  1000  h o u r s  o r  6 w e e k s  a t  a  
t e m p e r a t u r e  o f  1 . 5 - 7 ° C .
W a t e r s  a n d  W i l k i n s  (5 4 )  and Roh and W i l k i n s  (47)
5d e t e r m i n e d  t h a t  a  6 - w e e k  l i g h t  t r e a t m e n t  t o  a n e w l y  
emerged s h o o t  f r o m  a  n o n c o o l e d  o r  p a r t l y  c o o l e d  b u l b  
w o u ld  c a u s e  t h e  l i l y  t o  f l o w e r  and  a l s o  s u b s t i t u t e  f o r  
i t s  b u l b  c o l d  t r e a t m e n t .  T hese  p r o c e d u r e s  f o r  c o n d i t i o n i n g  
t h e  b u l b s  a r e  o f t e n  c a l l e d  p ro g ram m in g .  Roh and W i l k i n s  
(47) d e t e r m i n e d  t h a t  t h e r e  was  no  d i f f e r e n c e  b e t w e e n  
p l a n t s  w h o se  b u l b s  w e r e  p ro g ra m m e d  b y  c o l d  o r  w hose  
s h o o t s  w ere  programmed b y  l i g h t .
W i l k i n s  e t  a l .  (61) s u g g e s t e d  t h a t  l i l y  s h o o t s  be  
l i g h t e d  a t  em ergence  f o r  1 o r  2 w e e k s .  T h i s  would e n s u r e  
t h a t  t h e  p l a n t  was t o t a l l y  programmed f o r  r a p i d  f l o w e r i n g .  
T h i s  method i s  c a l l e d  t h e  " i n s u r a n c e  p o l i c y " .
W i l k i n s  e t  a l .  (59)  sh o w ed  i n  j o i n t  e x p e r i m e n t s  
c o n d u c te d  b e tw e e n  t h e  U n i v e r s i t y  o f  M in n e s o ta  and  M ich ig an  
S t a t e  U n i v e r s i t y  t h a t  t e m p e r a t u r e  was t h e  p r i m a r y  e n v i r o n ­
m e n t a l  c o n t r o l  f o r  t h e  r a t e  o f  l e a f  u n f o l d i n g  a n d  o f  
f l o w e r  d e v e l o p m e n t .  L i g h t  c o n t r o l l e d  p l a n t  q u a l i t y .
D e H e r t o g h  a n d  W i l k i n s  ( 1 4 ,  15) h a v e  f o u n d  t h a t  
g i v i n g  b u l b s  a  c o l d  t r e a t m e n t  o f  s i x  weeks r e s u l t s  i n  
r a p i d  and u n i f o r m  s h o o t  e m e r g e n c e  a n d  a l s o  r a p i d  and  
u n i f o r m  f l o w e r i n g .  The s i x  weeks o f  c o l d  may r e d u c e  t h e  
number o f  p o t e n t i a l  f l o w e r s ,  p l a n t  h e i g h t ,  n u m b er  o f  
n od e s  and l e a v e s .
W i l k i n s  ( 5 6 ,  57) d e s c r i b e d  3 m eth od s  f o r  programming 
t h e  E a s t e r  l i l y  b u l b  f o r  f o r c i n g .  They were  (a)  c o o l i n g  
t h e  b u l b s  i n  t h e  c a s e  p r i o r  t o  p o t t i n g ,  (b)  n a t u r a l
6c o o l i n g  o f  t h e  b u l b  i n  w h ich  t h e  b u l b  i s  p o t t e d  and grown 
u n d e r  n a t u r a l l y  o c c u r r i n g  t e m p e r a t u r e  c o n d i t i o n s  and (c) 
c o n t r o l l e d  t e m p e r a t u r e  f o r c i n g  i n  w h i c h  t h e  b u l b  i s  
p o t t e d  and grown u n d e r  c o n t r o l l e d  c o n d i t i o n s .
A p r o b l e m  a s s o c i a t e d  w i t h  t h e  f o r c i n g  o f  E a s t e r  
l i l i e s  i s  t h e  v a r y i n g  d a t e  o f  E a s t e r .  E a s t e r  v a r i e s  f rom  
a s  e a r l y  a s  March 22 t o  a s  l a t e  a s  A p r i l  2 5 .  T h e r e f o r e , 
t h e  f o r c i n g  p e r i o d  m u s t  s t a r t  e a r l i e r  o r  l a t e r  d e p e n d in g  
on t h e  d a t e  o f  E a s t e r .
The t i m i n g  o f  E a s t e r  l i l i e s  i s  so m e t im es  r e g u l a t e d  
b y  t h e  l e a f - c o u n t i n g  t e c h n i q u e  d e v e lo p e d  by  W i l k i n s  a n d  
R o b e r t s  ( 6 0 ) .  F a b e r  (19) l i s t e d  t e n  s t e p s  u se d  i n  t h e  
l e a f  c o u n t i n g  t e c h n i q u e .  They w ere :
1 .  Record  t h e  a v e r a g e  d a t e  o f  e m e rg e n c e .
2 .  When p l a n t s  a r e  10 -1 6  cm t a l l ,  s e l e c t  2 -3  r e p r e s e n ­
t a t i v e  p l a n t s  f r o m  e a c h  m a j o r  b u l b  s o u r c e  a n d  
c u l t i v a r .  R eco rd  t h e  d a t e  o f  c o u n t i n g .
3 .  Use a  p a p e r  pu n c h  o r  f e l t  pen  t o  mark t h e  u p p e r  m ost  
l e a f  t h a t  h a s  u n f o l d e d  away f rom t h e  main s t e m .
4 .  F o r  e a c h  p l a n t ,  s t a r t  b y  r e m o v i n g  a n d  c o u n t i n g
l e a v e s  f rom  t h e  s o i l  l i n e  up t o  and  i n c l u d i n g  t h e  
l e a f  marked i n  s t e p  3 .  Record  t h i s  a s :  "# l e a v e s
u n f o l d e d " .
5 .  C o n t i n u e  c o u n t i n g  t h e  r e s t  o f  t h e  l e a v e s  f o r  e^c h  
p l a n t .  Use a  hand l e n s  and n e e d l e  t o  c o u n t  t h e  t i n y  
o n e s  a t  t h e  t i p .  Record  t h i s  a s  : "# l e a v e s  t o  be
7u n f o l d e d " •
6 .  C a l c u l a t e  a n  a v e r a g e  ” # l e a v e s  u n f o l d e d "  a n d  a n  
a v e r a g e  ” # l e a v e s  t o  b e  u n f o l d e d "  f r o m  t h e  p l a n t s  
s e l e c t e d .
7 .  The a v e r a g e  "# l e a v e s  t o  b e  u n f o l d e d "  d i v i d e d  b y  t h e  
number o f  d a y s  b e tw e e n  t h i s  l e a f  c o u n t i n g  d a t e  and 
y o u r  s e l e c t e d  b u d  d a t e  i s  t h e  n e c e s s a r y  u n f o l d i n g  
r a t e .  T h i s  r a t e  c a n  b e  a d j u s t e d  b y  t e m p e r a t u r e s .  Gen­
e r a l l y ,  t h i s  number s h o u l d  b e  l e s s  t h a n  2 . 5  l e a v e s  
p e r  d a y  f o r  s u g g e s t e d  f o r c i n g  t e m p e r a t u r e s .
8 .  T h e  a v e r a g e  "#  l e a v e s  u n f o l d e d "  d i v i d e d  b y  t h e  
n um b er  o f  d a y s  b e t w e e n  e m e r g e n c e  a n d  t h i s  l e a f  
c o u n t i n g  t e l l s  you t h e  c u r r e n t  l e a f  u n f o l d i n g  r a t e .
■ T e m p e r a t u r e s  c a n  b e  a d j u s t e d  u p w a r d s  t o  s p e e d  
u n f o l d i n g  o r  lo w e re d  t o  s lo w  u n f o l d i n g .
9 .  I d e n t i f y  a  s i m i l a r  number o f  p l a n t s  i n  t h e  g r e e n h o u s e  
a s  s e l e c t e d  i n  S t e p  2 .  Mark t h e  u p p e rm o s t  u n f o l d e d  
l e a f  a s  i n d i c a t e d  i n  S t e p  3 .  P u t  a  l a b e l  o r  o t h e r  
m ark e r  t o  i d e n t i f y  t h e  p o t  you have  c h o s e n .
1 0 .  M o n i t o r  t h e s e  p l a n t s  e v e r y  5 t o  7 d a y s  t o  know i f  
t h e  p r o p e r  l e a f  u n f o l d i n g  r a t e  i s  b e i n g  a c h i e v e d .  
R a i s e  o r  l o w e r  t e m p e r a t u r e s  a c c o r d i n g l y  t o  a d j u s t  
t h i s  r a t e .
The l e a f  c o u n t i n g  t e c h n i q u e  i s  a  method f o r  e s t i m a t i n g  
t h e  p r o c e s s  o f  a  l i l y  p l a n t  o r  c r o p ,  b u t  a d j u s t i n g  
t e m p e r a t u r e s  i s  t h e  a c t u a l  means o f  c o n t r o l l i n g  t h e  r a t e
8o f  d e v e l o p m e n t .  I t  i s  p o s s i b l e  t h a t  m o n i t o r i n g  t e m p e r a ­
t u r e s  would p r o v i d e  a  more a c c u r a t e  means o f  t i m i n g  t h e  
l i l y  p l a n t ' s  d e v e lo p m e n t  and o f  i n d i c a t i n g  more a c c u r a t e l y  
t e m p e r a t u r e s  n e ed e d  t o  a t t a i n  a  d e s i r e d  r a t e  o f  d e v e l o p ­
m en t .
The Heat  U n i t  Summation Method
T he  s u m m a t i o n  o f  t e m p e r a t u r e  a s  a n  i n d i c a t o r  o f  
p l a n t  g r o w th  and d e v e lo p m e n t  was i n t r o d u c e d  by  t h e  F r e n c h  
p h y s i c i s t , R .A. deReam ur ,  i n  1735 ( 3 1 ) .  S i n c e  t h a t  t i m e ,  
t h e  h e a t  u n i t  s y s t e m  h a s  fo u n d  w i d e s p r e a d  u s e /  e s p e c i a l l y  
i n  t h e  v e g e t a b l e  i n d u s t r y  f o r  p r e d i c t i n g  t h e  d a t e  o f  
h a r v e s t  and f o r  t h e  t i m i n g  o f  s u c c e s s i v e  p l a n t i n g s  ( l f 8 r 
2 1 ,  3 1 ) .
B a r n a r d  (8 )  d e f i n e d  a  h e a t  u n i t  a s  one  d e g r e e  o f  
t e m p e r a t u r e  abo v e  t h e  b a s e  g r o w i n g  p o i n t  o f  a n y  g i v e n  
c r o p  f o r  a  p e r i o d  o f  t i m e .  B om alask i  (10) u se d  t h e  t e r m  
d e g r e e - d a y  a s  b e i n g  o ne  d e g r e e  o f  t e m p e r a t u r e  above  t h e  
b a s e  f o r  t h e  d u r a t i o n  o f  a  d a y .  P h i l l i p s  (45) a l s o  used  
d e g r e e - d a y  b u t  s t a t e d  t h a t  many w o r k e r s  u s e  t h e  t e r m  
d e g r e e - h o u r s . T h i s  i s  c a l c u l a t e d  b y  m u l t i p l y i n g  a  
d e g r e e - d a y  by  2 4 .
I n  o r d e r  t o  u s e  t h e  h e a t  u n i t  summation m e th od ,  a 
b a s e  t e m p e r a t u r e  m u s t  f i r s t  b e  d e t e r m i n e d .  The b a s e  
t e m p e r a t u r e  r e p r e s e n t s  t h e  t h r e s h o l d  f o r  g r o w t h .  T h i s  
t e m p e r a t u r e  v a r i e s  among s p e c i e s .  Once t h e  b a s e  t e m p e r ­
a t u r e  h a s  b e e n  d e t e r m i n e d ,  t h e  number o f  h e a t  u n i t s  c an
9b e  c a l c u l a t e d .
A rn o ld  (1) s t a t e d  t h a t ,  " i f  t h e  c o r r e c t  b a s e  t e m p e r ­
a t u r e  i s  u s e d ,  t h e  number o f  d e g r e e - d a y s  r e q u i r e d  i s  t h e  
same w h e th e r  t h e  c r o p  i s  grown a t  a  mean t e m p e r a t u r e  o f  
65°P (18 .3°C )  o r  75°P ( 2 3 . 9 ° C ) ."  T h i s  i s  n o t  t r u e  i f  an 
i n c o r r e c t  b a s e  t e m p e r a t u r e  i s  u s e d .
B a rn a rd  (8) e x p l a i n e d  t h e  h e a t  u n i t  t h e o r y  a s  u se d  
b y  t h e  G r e e n  G i a n t  Company ( M i n n e s o t a  V a l l e y  C a n n i n g  
Company) a s  h a v in g  8 f u n d a m e n t a l s :  They a r e  a s  f o l l o w s :
1 .  The d a i l y  mean t e m p e r a t u r e  v a r i e s  o v e r  a n y  g i v e n  
p e r i o d  f rom  y e a r  t o  y e a r .
2 .  Each c r o p  h a s  a  c r i t i c a l  t e m p e r a t u r e  b e lo w  which  
i t  w i l l  n o t  g ro w .
3 .  Each c r o p  grows to w a rd  m a t u r i t y  a t  a  r a t e  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  t e m p e r a t u r e .
4 .  E a c h  c r o p  i s  d am aged  by  t e m p e r a t u r e s  above  t h e  
p o i n t  a t  which  i t  makes i t s  b e s t  g r o w t h .
5 .  Each c r o p  h a s  a t o t a l  h e a t  u n i t  r e q u i r e m e n t  t h a t  
w i l l  n o t  v a r y  i f  o t h e r  f a c t o r s  a r e  e q u a l .
6 .  F a c t o r s  a f f e c t i n g  t h e  u s e  o f  t e m p e r a t u r e  o f  a 
g row ing  p l a n t  i n c l u d e  s o i l  f e r t i l i t y ,  s o i l  t y p e  
a n d  t o p o g r a p h y ,  p l a n t i n g  d e p t h ,  s o i l  d r a i n a g e ,  
s e e d  v i g o r  and c u l t u r a l  p r a c t i c e s .
7 .  T h e r e  m u s t  b e  a s  many h e a t  u n i t s  i n t e r v e n i n g  
b e tw ee n  e a c h  p l a n t i n g  a s  w i l l  o c c u r  u n d e r  no rm al  
h a r v e s t  c o n d i t i o n s .
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8 .  A l lo w an ce  m ust  b e  made i n  a  p l a n t i n g  s c h e d u l e  £ o r  
t h e  f a c t o r s  o t h e r  t h a n  t e m p e r a t u r e  w h ich  a f f e c t  
m a t u r i t y .
T h e r e  a r e  a  n u m b er  o f  ways i n  which  u n i t s  may be 
d e t e r m i n e d  ( 1 ,  2 ,  5 ,  9 ,  2 2 ,  3 3 ,  3 7 ,  4 1 ,  4 5 ) .  P h i l l i p s  
(4 5 )  u s e d  t h e  mean d a i l y  t e m p e r a t u r e  b y  a v e r a g i n g  t h e  
maximum and minimum t e m p e r a t u r e  m inus  a b a s e  t e m p e r a t u r e ,  
wh ich  was 40°F (4 .4 °C )  i n  t h e  c a s e  o f  p e a s ,  t o  c a l c u l a t e  
h e a t  u n i t s  a s  d e g r e e - d a y s .  These  d a i l y  h e a t  u n i t s  a r e  
a c c u m u la t e d  f rom  p l a n t i n g  t o  h a r v e s t  t o  a r r i v e  a t  a  t o t a l
s
number o f  h e a t  u n i t s .  Lana and Haber (33) c a l l e d  t h i s  
method t h e  c u m u l a t i v e - d e g r e e - h o u r  m ethod .
P h i l l i p s  (45) s t a t e d  t h a t  many r e s e a r c h e r s  a r e  u s i n g  
h o u r l y  r e c o r d i n g s  t o  o b t a i n  a  more a c c u r a t e  d a i l y  a v e r a g e .  
A l t h o u g h ,  o v e r  a s e a s o n  a n d  i n  a r e a s  n o t  a f f e c t e d  by  
l a r g e  b o d i e s  o f  w a t e r  o r  h i g h  a l t i t u d e s ,  t h e  u s e  o f  t h e  
d a i l y  mean i s  a c c u r a t e  e n o u g h .
A rn o ld  (2) a l s o  u s e d  t h e  maximum-minimum t e m p e r a t u r e  
minus  a b a s e  a s  a  b a s i s  f o r  com pu t in g  h e a t  u n i t s .
Moore and Owens (41) u se d  4 m ethods  o f  c a l c u l a t i n g  
h e a t  u n i t s  f o r  t o m a t o e s .  They i n c l u d e d  t h e  a p p r o x i m a t e  
d a i l y  mean ( d a i l y  maximum m inus  d a i l y  minimum d i v i d e d  by 
2) minus a  b a s e  t e m p e r a t u r e ,  t h e  e x a c t  d a i l y  mean m inus  a  
b a s e ,  t h e  m e d i a n  m i n u s  a  b a s e  a n d  t h e  c o r r e c t e d  mean 
m inus  a  b a s e .  T h e i r  d a t a  d e m o n s t r a t e d  t h e  l a s t  method t o  
be  t h e  b e s t .  They s u g g e s t  a  c o r r e c t i o n  f o r  e x c e s s i v e l y
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h i g h  t e m p e c a t u c e s .  Under t h e i r  s t u d y ,  a  b a s e  t e m p e r a t u r e  
o f  40°P (4 .4°C )  and  a  c e i l i n g  t e m p e r a t u r e  o f  80°F (26 .7°C )  
was b e s t .
. Working w i t h  s w e e t  c o r n ,  A rn o ld  (1) u se d  3 m ethods  
o f  d e t e r m i n i n g  b a s e  t e m p e r a t u r e .  The l e a s t  v a r i a b i l i t y  
m e th o d ,  t h e  r e g r e s s i o n  c o e f f i c i e n t  method and t h e  x - i n t e r -  
c e p t  method was u s e d .  The l e a s t  v a r i a b i l i t y  method u se d  
t h e  c o e f f i c i e n t  o f  v a r i a t i o n  i n  w h i c h  t h e  h e a t  u n i t  
sum m at ions  f ro m  a  s e r i e s  o f  p l a n t i n g s  were  c a l c u l a t e d  on 
a  number o f  b a s e  t e m p e r a t u r e s .  The one  g i v i n g  t h e  l e a s t  
v a r i a b i l i t y ,  fo u nd  b y  t h e  p r o c e s s  o f  e l i m i n a t i o n ,  was t h e  
b a s e  u s e d .
The r e g r e s s i o n  c o e f f i c i e n t  method was b a s e d  on t h e  
r e l a t i o n s h i p  b e tw e e n  t h e  mean t e m p e r a t u r e  a n d  t h e  h e a t  
u n i t  s u m m a t io n s .  The x - i n t e r c e p t  method was b a s e d  on t h e  
mean t e m p e r a t u r e  and t h e  mean r a t e  o f  d e v e l o p m e n t .  The 
x - i n t e r c e p t  method was much l e s s  cumbersome and g i v e s  t h e  
same a n sw er  a s  t h e  o t h e r  two m eth o ds  ( 1 ) .
A rn o ld  (1) a l s o  c o n c l u d e d  t h a t  a  l i n e a r  r e l a t i o n s h i p  
was p r o b a b l y  n o t  p r e s e n t  o v e r  t h e  e n t i r e  r a n g e  o f  t e m p e r ­
a t u r e s  b u t  t h a t  d e p a r t u r e  f r o m  l i n e a r i t y  was so  s m a l l  
t h a t  f a i r l y  a c c u r a t e  r e s u l t s  were  o b t a i n e d .  F e r g u s o n  ( 2 0 ) ,  
w o r k i n g  w i t h  14 v a r i e t i e s  o f  g a r d e n  p e a s ,  s t a t e d  t h a t  
t h e r e  was a s t r o n g  c o r r e l a t i o n  b e tw e e n  t e m p e r a t u r e  a n d  
r a t e  o f  d e v e l o p m e n t .  He s t a t e d  t h a t  a p l a n t  r e s p o n d s  
w i t h  a n  i n c r e a s i n g  r a t e  o f  d e v e l o p m e n t ,  r e a c h i n g  a
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maximum, a f t e r  which  d e v e lo p m e n t  d e c r e a s e s .  H is  t h e o r y  
t h u s  e x p r e s s e s  a c u r v i l i n e a r  r e g r e s s i o n  w h i c h  e x i s t s  
b e tw ee n  t h e  r a t e  o f  d e v e lo p m e n t  and  t e m p e r a t u r e .
H o r t i k  and A r n o l d  (2 9 )  , w o r k i n g  w i t h  s w e e t  c o r n ,  
d e v e l o p e d  a  m o d i f i e d  r e g r e s s i o n  t e c h n i q u e  t o  e s t i m a t e  t h e  
r e l a t i o n s h i p  o f  t e m p e r a t u r e  t o  t h e  r a t e  o f  d e v e l o p m e n t .  
T h e y  f o u n d  t h a t  a  c u r v i l i n e a r  r e l a t i o n s h i p  e x i s t e d  
b e tw ee n  t h e  p e r i o d s  o f  p l a n t i n g  t o  s i l k i n g  and p l a n t i n g  
t o  h a r v e s t .  T h e s e  r e l a t i o n s h i p s  w e r e  c o n v e r t e d  i n t o  
fo rm s  u s e a b l e  i n  a  h e a t  u n i t  s y s t e m .
A r n o l d  (3)  e x a m i n e d  t h e  a c c u r a c y  o f  3 h e a t  u n i t  
s y s t e m s  i n  r e l a t i o n s h i p  t o  t h e  d e v e l o p m e n t  o f  s w e e t  
c o r n .  He fo u nd  no one  method t o  b e  more p r a c t i c a l  t h a n  t h e  
o t h e r  b u t  he d i d  f i n d  t h a t  t h e  a c c u r a c y  o f  t h e  h a r v e s t  
d a t e  was i n c r e a s e d  when t h e  80% s i l k i n g  s t a g e  was e s t a b ­
l i s h e d .
G i lm o re  and R o g e rs  (22) u se d  15 d i f f e r e n t  m e tho d s  o f  
c a l c u l a t i n g  d e g r e e - d a y s  f o r  c o r n .  They im proved  on  t h e  
p r e s e n t  method o f  c a l c u l a t i n g  d e g r e e - d a y s  b y  c o r r e c t i n g  
f o r  t e m p e r a t u r e s  be low  a  minimum f o r  g r o w t h ,  50°F ( 1 0 ° C ) , 
a nd  a b o v e  t h e  o p t im u m  f o r  g r o w t h ,  8 6 °F  (3 0 °C )  . The 
number o f  h e a t  u n i t s  r e q u i r e d  f o r  s i l k i n g  rem a in e d  a lm o s t  
c o n s t a n t  f o r  c r o p s  w i t h  d i f f e r e n t  p l a n t i n g  d a t e s .  
C a l e n d a r  d a y s  v a r i e d  w i d e l y .
A s p i a z u  a n d  Shaw (5)  u s e d  6 d i f f e r e n t  m ethods  o f  
c a l c u l a t i n g  d e g r e e  u n i t s  f o r  d e n t  c o r n .  The method w i t h
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t h e  l e a s t  v a r i a b i l i t y  was  t h e  B ro w n -4 0  m e t h o d .  T h i s  
method assumed a  p a r a b o l i c  r e s p o n s e  c u r v e  t o  t e m p e r a t u r e .  
A l l  m e t h o d s  s t u d i e d  c o n c l u d e d  t h a t  d e g r e e  u n i t s  c a n  
im prove  t h e  a c c u r a c y  o f  p r e d i c t i n g  m a t u r i t y  o f  c o r n  o v e r  
t h e  c a l e n d a r  d a y  t e c h n i q u e .
B a s k e r v i l l e  and Emin (9) u t i l i z e d  a  s i n e  f u n c t i o n  t o  
r e p r e s e n t  t h e  v a r i a t i o n  o f  t e m p e r a t u r e s  d u r i n g  a d a y  and 
showed t h e  b a s i s  f o r  e m p lo y in g  t h e  s i n e  f u n c t i o n  f o r  t h e  
m easu rem en t  o f  h e a t  u n i t s .  Logan and Boyland  (37) a l s o  
u t i l i z e d  a  s i n e  f u n c t i o n  t o  e s t i m a t e  t h e  v a r i a t i o n  i n  
t e m p e r a t u r e s  d u r i n g  t h e  d a y .  The a v a i l a b l e  h e a t  u n i t s  f o r  
t h e  d a y  a r e  o b t a i n e d  b y  i n t e g r a t i n g  t h e  s i n e  f u n c t i o n  w i t h ;
1 ) minimum t e m p e r a t u r e  b e lo w  w h ich  p l a n t  g r o w t h  s t o p s ,
2 ) a  h i g h  t e m p e r a t u r e  abo v e  w h ic h  p l a n t  g r o w th  r e m a in s  
unchanged  f o r  some i n t e r v a l  up  . to  a maximum t e m p e r a t u r e  
a n d  3) a maximum h i g h  t e m p e r a t u r e  a b o v e  w h i c h  p l a n t  
g ro w th  i s  r e t a r d e d .
K i s h  and Ogle  (31) fo u n d  t h a t  t h e  h e a t  u n i t  s y s te m  
i n  p r e d i c t i n g  m a t u r i t y  d a t e  o f  s n a p b e a n s  was u n r e l i a b l e .  
They d e t e r m i n e d  t h a t  p r e d i c t i n g  t h e  m a t u r i t y  o f  s n a p b e a n s  
was improved  by  i n t e g r a t i n g  a v a i l a b l e  s o i l  m o i s t u r e  i n t o  
t h e  h e a t  u n i t  s y s t e m .
Much work h a s  b e e n  do ne  i n  t h e  a r e a  o f  h e a t  u n i t s  i n  
a s s o c i a t i o n  w i t h  t o m a t o e s .  A u s t i n  and R i e s  ( 6 ) u s e d  a 
50°P (10°C) b a s e  t e m p e r a t u r e  and a  v a r i a b l e  b a s e  t e m p e r ­
a t u r e  w h i l e  g row ing  8 p l a n t i n g s  o f  t h r e e  to m a to  v a r i e t i e s .
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T h e y  f o u n d  t h a t  t h e  u s e  o f  d e g r e e - d a y  a c c u m u l a t i o n s  
showed l i t t l e  a d v a n t a g e  o v e r  c a l e n d a r  d a y s  when t h e  e a s e  
o f  c a l c u l a t i o n  f o r  c a l e n d a r  d a y s  was c o n s i d e r e d .  I t  was 
found  t h a t  d e g r e e - d a y  a c c u m u l a t i o n s  w e r e  m ore  r e l i a b l e  
f o r  e s t i m a t i n g  t h e  t i m e  when t h e  e a r l i e s t  maximum y i e l d  
o c c u r r e d .
W arnock  a n d  I s a a c s  (53 )  u se d  a 40°F (4 .4 °C )  b a s e  
t e m p e r a t u r e  w i t h  t o m a t o e s .  T h i s  b a s e  was e f f e c t i v e  i n  
p r e d i c t i n g  p l a n t  d e v e l o p m e n t  i n  t h e  e a r l y  s t a g e s  o f  
g ro w th  and p r o v i d e d  a  m ea n s  f o r  s c h e d u l i n g  p l a n t i n g s .
* r
T h e  x - i n t e r c e p t  m e t h o d  u s i n g  a  r e g r e s s i o n  e q u a t i o n  
b e tw een  t e m p e r a t u r e  a n d  r a t e  o f  g r o w t h  was u s e d  ( 1 ) .  
W i th  t h e  c u l t i v a r  'VF 1 4 5 - 7 8 7 9 '  t o m a t o ,  Warnock (52) 
found  t h a t  an  a v e r a g e  o f  93 h e a t  u n i t s  was n e e d e d  f o r  
e m e r g e n c e ,  612 h e a t  u n i t s  w e r e  n e e d e d  t o  r e a c h  f i r s t  
b loom ,  913 h e a t  u n i t s  w ere  n e e d e d  f o r  f i r s t  f r u i t s  t o  
r e a c h  2 . 5 4  c e n t i m e t e r s  i n  d i a m e t e r ,  1426 h e a t  u n i t s  were  
n e ed ed  f o r  f i r s t  f r u i t s  t o  r e a c h  b r e a k e r  s t a g e  and 1533 
h e a t  u n i t s  were  n e e d e d  f o r  f i r s t  f r u i t s  t o  r i p e n .
L i p t a y ,  B o l to n  and D i r k s  (35) d e t e r m i n e d  t h a t  1454  
h e a t  u n i t s  i n  1976  a n d  1 4 71  h e a t  u n i t s  i n  1977  w e r e  
need ed  f o r  s e e d e d  t o m a t o e s .  F o r  t r a n s p l a n t e d  t o m a t o e s ,  
1207 h e a t  u n i t s  i n  1976 and 1361 h e a t  u n i t s  i n  1977 were  
n e e d e d .
F i s h e r  (21) c a l c u l a t e d  h e a t  u n i t s  a s  d e g r e e - d a y s  f o r  
t h e  p e r i o d  e l a p s i n g  b e tw e e n  bloom and h a r v e s t  u s i n g  t h e
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e q u a t i o n  b e low :
Heat  U n i t s  ■ Tmax + Tmin _ 50op
2
where  Tmax i s  t h e  maximum d a i l y  t e m p e r a t u r e  f o r  
t h e  d a y ,  Tmi n i s  t h e  minimum d a i l y  t e m p e r a t u r e  
f o r  t h e  d a y  and 50°F i s  t h e  b a s e  t e m p e r a t u r e .  
He o b t a i n e d  d a t a  f o r  t h e  D e l i c i o u s  a p p l e s ,  B a r t l e t t  p e a r ,  
E l b e r t a  p e a c h ,  T i l t o n  a p r i c o t  and Bing c h e r r y  grown i n  8 
d i f f e r e n t  C a n a d ia n  and A m erican  e x p e r i m e n t  s t a t i o n s .  H is  
d a t a  i n d i c a t e d  t h a t  w i t h i n  m ost  a r e a s  t h e r e . w a s  r e l a t i v e l y  
good u n i f o r m i t y  f rom  y e a r  t o  y e a r  i n  d a y s  and h e a t  u n i t s  
f rom  bloom t o  h a r v e s t .  A s h c r o f t  e t  a l .  (4) had s i m i l a r  
r e s u l t s  u s i n g  a  s t a t i s t i c a l  p r o c e s s  t o  p r e d i c t  b lo o m  
d a t e s  f o r  t h e  E l b e r t a  p e a c h ,  T i f t o n  a p r i c o t ,  I t a l i a n  
p r u n e ,  Bing c h e r r y ,  B a r t l e t t  p e a r  and D e l i c i o u s  a p p l e .
E i s e n s m i t h ,  J o n e s  and F l o r e  (17) d e v e l o p e d  a  model 
w h ich  p r e d i c t e d  t e r m i n a l  and s p u r  l e a f  em ergence  o f  s o u r  
c h e r r y .  L e a f  n u m b er  f o r  s p u r  and t e r m i n a l  s h o o t s  was 
more h i g h l y  c o r r e l a t e d  w i t h  d e g r e e - d a y  a c c u m u l a t i o n s  a t  a 
b a s e  o f  4°C t h a n  w i t h  t i m e .  R e g a r d l e s s  o f  l o c a t i o n ,  
t e r m i n a l  b u d s  s e t  a b o u t  350 a n d  850 d e g r e e - d a y s  a f t e r  
f i r s t  l e a f  e m e r g e n c e  f o r  s p u r  a n d  t e r m i n a l  s h o o t s ,  
r e s p e c t i v e l y .
L i l l e l a n d  (36) a g r e e d  t h a t  a 50°F (10°C) b a s e  s h o u l d  
b e  u s e d  i n  c a l c u l a t i n g  t h e  e f f e c t i v e  h e a t  u n i t s  i n  
r e l a t i o n  t o  t h e  g ro w th  o f  t h e  a p r i c o t  f r u i t .
Brooks  ( 1 2 ,  13) u s e d  h e a t  u n i t s  b a s e d  on  t h e  mean
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d a i l y  t e m p e r a t u r e  (°P) m inus  a  45°P b a s e  t e m p e r a t u r e  f o r  
p r e d i c t i n g  t h e  t i m e  f r o m  f u l l  b l o o m  t o  h a r v e s t  f o r  
a p r i c o t s .  He found  t h a t  i t  was p o s s i b l e  t o  p r e d i c t  t h e  
p r o p e r  d a t e  o f  h a r v e s t  w i t h i n  2 d a y s  55% o f  t h e  t i m e .
F o r  p e a r s ,  K va le  (32) ackn ow ledg ed  t h a t  t h e  accumu­
l a t e d  1758 d e g r e e  d a y s  and 126 d a y s  f rom  f u l l  b lo o m  t o  
t h e  p r e c l i m ^ c t e r i c  s t a g e  o f  d e v e lo p m e n t  seem t o  g i v e  a  
f a i r l y  good m a t u r i t y  i n d e x .
E g g e r t  (16) u se d  t h e  h e a t  u n i t  c o n c e p t  i n  p r e d i c t i n g  
t h e  d a t e  o f  h a r v e s t  o f  M c In to sh  a p p i e s .  H i s  d a t a  showed 
t h a t  t h e  t e m p e r a t u r e s  p r e v a i l i n g  d u r i n g  t h e  e a r l y  p a r t  o f  
t h e  g ro w in g  s e a s o n  e x e r t  a  g r e a t e r  i n f l u e n c e  on  t h e  t im e  
o f  m a t u r i t y  t h a n  do t e m p e r a t u r e s  d u r i n g  t h e  l a t t e r  p a r t  
o f  t h e  g ro w in g  s e a s o n .  He a l s o  fou n d  t h a t  t h e  d a i l y  mean 
minus  a  b a s e  t e m p e r a t u r e '  o f  0°F ( d e g r e e - d a y s )  seemed t o  
o f f e r  a  c o n v e n i e n t  means o f  p r e d i c t i n g  optimum h a r v e s t .
J e n n i n g  ( 3 0 ) ,  h o w ev er ,  r e p o r t e d  t h a t  w i t h  8 b l a c k b e r r y  
c u l t i v a r s  i n  S c o t l a n d ,  t h e r e  was much v a r i a t i o n  i n  t h e  
d a t e s  t h a t  t h e i r  f i r s t  f r u i t s  r i p e n e d .  T h ese  d a t e s  were  
c a l c u l a t e d  by  v a r i a t i o n  i n  t h e  d a t e  o f  t h e i r  f i r s t  open 
f l o w e r  a n d  by  v a r i a t i o n  i n  t h e  number o f  d a y s  r e q u i r e d  
f rom  f l o w e r i n g  t o  r i p e n i n g .  T e m p e r a t u r e  was  t h e  m o s t  
i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r  u s e d  i n  d e t e r m i n i n g  t h e  
number o f  d a y s  r e q u i r e d  f rom f l o w e r i n g  t o  r i p e n i n g  and  
a c c u m u l a t e d  h e a t  u n i t s  s u c c e s s f u l l y  q u a n t i f i e d  t h e  
d i f f e r e n c e s  b e t w e e n  c u l t i v a r s .  C u l t i v a r s  r e q u i r e d
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s i m i l a r  numbers  o f  h e a t  u n i t s  i n  e a c h  s e a s o n .  However, 
h e a t  u n i t s  were  l e s s  u s e f u l  i n  d e s i g n a t i n g  f l o w e r i n g  t im e  
f o r  b l a c k b e r r i e s .
B r in k  (11) u s e d  t h e  maximum-minimum h e a t  u n i t  method 
a n d  a  b a s e  t e m p e r a t u r e  o f  5 0°F  (1 0 °C )  t o  a c c u r a t e l y  
f o r e c a s t  t h e  optimum m a t u r i t y  d a t e  f o r  c o m m e r c i a l  c r o p  
h a r v e s t  o f  t h e  'C o n c o r d '  g r a p e .  The h e a t - u n i t  method was 
fou n d  t o  b e  more a c c u r a t e  t h a n  c o u n t i n g  d a y s  f r o m  f u l l  
bloom t o  h a r v e s t .
W i n k l e r  a n d  W i l l i a m s  (64)  u s e d  d e g r e e - d a y s  t o  
p r e d i c t  p a l a t a b i l i t y  o f  g r a p e s  a n d  t o  i n d i c a t e . p r o p e r  
d a t e  f o r  t h e  b e g i n n i n g  o f  h a r v e s t .  A summation  o f  2260 
d e g r e e - d a y s  f rom  b lo o m in g  t o  h a r v e s t  w i t h  700 d e g r e e  d a y s  
f o r  t h e  r i p e n i n g  p e r i o d  i n d i c a t e d  a  r a t i n g  o f  v e r y  g o o d .  
W in k le r  (63) had done  s i m i l a r  work w i t h  d e g r e e - d a y s  i n  
t h e  e a r l y  1 9 3 0 ' s  w i t h  g r a p e s .  However ,  M o r r i s  e t  a l .  
(42) found  t h a t  t h e  u s e  o f  d e g r e e - d a y  a c c u m u l a t i o n s  d i d  
n o t  p r o v e  t o  b e  a  s u p e r i o r  method t o  c a l e n d a r  d a y s  f o r  
p r e d i c t i n g  'C o n c o r d '  g r a p e  m a t u r a t i o n .
M a d a r ia g a  and K n o t t  (38) summed d e g r e e - d a y s  above  a 
b a s e  o f  4 0°F  (4 .4 °C )  and b e lo w  a 70°F (21 .1°C )  maximum 
f o r  56 c o m m e r c i a l  f i e l d s  o f  l e t t u c e  i n  t h e  I m p e r i a l  
V a l l e y  and 333 c o m m e rc ia l  f i e l d s  i n  t h e  S a l i n a s  V a l l e y  o f  
C a l i f o r n i a .  I f  t h e  r a n g e  i n  p l a n t i n g  d a t e s  was s m a l l ,  
d e g r e e - d a y  sum m at ions  m u l t i p l i e d  by  t h e  a v e r a g e  d a y l e n g t h  
f o r  t h e  p e r i o d  o f  g r o w th  g a v e  c o n s i s t e n t  t o t a l s  f o r  a l l
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d a t e s  o f  p l a n t i n g s .  However,  i f  t h e  r a n g e  i n  p l a n t i n g  
d a t e s  was v a r i a b l e ,  d e g r e e - d a y  sum m at ions  w ere  v a r i a b l e .
R e a t h  a n d  W i t t w e r  (4 6 )  grew p e a  v a r i e t i e s  i n  t h e  
g r e e n h o u s e  a t  9 ,  12 and  1 6 - h o u r  p h o t o p e r i o d s  e a c h  a t  50°F 
( 1 0 ° C )  a n d  6 0 ° F  ( 1 5 . 6 ° C )  n i g h t  t e m p e r a t u r e s  a n d  i n  
s u c c e s s i v e  f i e l d  p l a n t i n g s .  The n u m b er  o f  d e g r e e - d a y s  
f o r  f l o w e r i n g  was p r o g r e s s i v e l y  r e d u c e d  by  e x p o s u r e  t o  
i n c r e a s e d  p h o t o p e r i o d s  f o r  a l l  m i d s e a s o n  a n d  l a t e  p e a  
v a r i e t i e s .  F o r  f i e l d  p l a n t i n g s ,  t h e  m u l t i p l e  o f  d e g r e e -  
d a y s  and a v e r a g e  l e n g t h  o f  d a y l i g h t  was fo un d  t o  b e  l e s s  
v a r i a b l e  t h a n  h e a t  sum m at io n .
Hoover (28) c a l c u l a t e d  s o u t h e r n  p e a s  g ro w n  u n d e r  
f i e l d  c o n d i t i o n s  t o  hav e  a  b a s e  t e m p e r a t u r e  o f  a p p r o x i ­
m a t e l y  44°F ( 6 . 7 ° C ) ;  h o w e v e r ,  u n d e r  c o n t r o l l e d  c o n d i t i o n s ,  
s t e m  e l o n g a t i o n  d i d  n o t  o c c u r  a t  t e m p e r a t u r e s  b e lo w  41°F 
(5°C) . A t e m p e r a t u r e  o f  44°F (6 .7 °C )  was c h o s e n  t o  b e  more 
a c c u r a t e  a s  a  b a s e  t e m p e r a t u r e  b e c a u s e  i t  e l i m i n a t e d  t h e  
n o n - l i n e a r  p o r t i o n  o f  t h e  g r o w t h - t e m p e r a t u r e  c u r v e .
G r a n t z  and H a l l  (24) d i s c o v e r e d  t h a t  t h e  t i m e  t o  
f l o w e r i n g  f rom  d i f f e r e n t  sow ing  d a t e s  o f  t h e  cowpea was 
r e l a t e d  t o  h e a t  u n i t s  w h ich  were  c a l c u l a t e d  f r o m  d a i l y  
mean a i r  t e m p e r a t u r e  above  a b a s e  t e m p e r a t u r e  o f  10°C.
I n  t h e  c a s e  o f  s w e e t  c o r n  a n d  p e a s ,  a  s y s t e m a t i c  
method i s  n e c e s s a r y  t o  o f f s e t  s e a s o n a l  v a r i a t i o n s  d u r i n g  
t h e  p l a n t i n g  s e a s o n  and t o  p r e v e n t  g l u t s  o f  c o r n  i n  t h e  
p r o c e s s i n g  p l a n t  a t  h a r v e s t  t i m e .  Lana and Haber (33)
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s u g g e s t e d  t h a t  t h e  u s e  o f  sununated d e g r e e - h o u r s  was o f  
l i t t l e  p c a c t i c a l  v a l u e  i n  p r e d i c t i n g  t h e  h a r v e s t  d a t e  o f  
s w e e t  c o r n  b u t  c o u ld  b e  o f  u s e  i n  s c h e d u l i n g  p l a n t i n g s .  
T h e y  u s e d  a  s y s t e m  o f  480 d e g r e e  h o u r s  b e t w e e n  e a c h  
p l a n t i n g  d a t e  t o  p r e v e n t  a l l  c o r n  f rom  m a t u r i n g  a t  t h e  
same t i m e .
S c o t t  ( 4 8 ,  49) s t a t e d  t h a t  a  minimum g ro w in g  t e m p e r ­
a t u r e  f o r  p e a s  i s  a p p r o x i m a t e l y  40°F (4 .4 °C )  and 50°F 
(10°C) f o r  c o r n .  Magoon and C u l p e p p e r  ( 3 9 ,  40) u se d  t h e  
same 50°F (10°C) b a s e  t e m p e r a t u r e  f o r  s w e e t  c o r n .
Gould (23) s t u d i e d  47 c u l t i v a r s  o f  s n a p b e a n s ,  u s i n g  
5 0 °F  (10 °C )  a s  t h e  b a s e  t e m p e r a t u r e ,  and fo u n d  t h a t  an 
a v e r a g e  o f  2 7 ,0 0 0  d e g r e e  F - h o u r s  was r e q u i r e d  t o  r e a c h  an  
optimum s t a g e  o f  m a t u r i t y .
E l - Z i k  and S e v a c h e r i a n  (18) fo un d  t h a t  a t  l e a s t  2700 
h e a t  u n i t s  a r e  n e c e s s a r y  i n  o r d e r  t o  p r o d u c e  a n  a v e r a g e  
l i n t  y i e l d  o f  1016 poun d s  o f  c o t t o n  i n  t h e  San J o a q u i n  
V a l l e y  i n  C a l i f o r n i a .  They fo u n d  t h a t  c u m u l a t i v e  d e g r e e -  
d a y s  and p l a n t i n g  d a t e  c a n  b e  u sed  by  g r o w e r s  t o  manage 
t h e i r  c r o p s  f o r  optimum and e c o n o m ic a l  c o t t o n  p r o d u c t i o n .
Guedry  (26) g rew 17 c u l t i v a r s  o f  p o i n s e t t i a s  a t  55°F 
( 1 2 . 8° C ) , 60°F (15 .6°C )  and 65°F (18.3<>C) minimum n i g h t  
t e m p e r a t u r e s .  A r n o l d ' s  (3) r e g r e s s i o n  e q u a t i o n  b e t w e e n  
t e m p e r a t u r e  means on t h e  x - a x i s  and d a i l y  g r o w t h  mean on 
t h e  y - a x i s  was u s e d  t o  d e t e r m i n e  t h e  b a s e  t e m p e r a t u r e  f o r  
e a c h  o f  t h e  17 p o i n s e t t i a  c u l t i v a r s .  D e g r e e - d a y s  were
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d e t e r m i n e d  f o r  e a c h  c u l t i v a r  u s i n g  t h e  a p p r o x i m a t e  mean 
method ( a v e r a g e  o f  maximum and minimum d a i l y  t e m p e r a t u r e )  
u s e d  by  A rn o ld  (2) and b y  Moore and Owens ( 4 1 ) .  Time 
n e c e s s a r y  f r o m  p o t t i n g  d a t e  t o  f i r s t  c o l o r a t i o n  a n d  
a n t h e s i s  d e c r e a s e d  a s  t e m p e r a t u r e s  i n c r e a s e d .  C u l t i v a r s  
‘A n n e t t e  Hegg D i v a ' ,  ' G u t b i e r  V - 1 0 ' ,  'A n n e t t e  Hegg Dark  
R e d '  a n d  ' A n n e t t e  Hegg S u p r e m e '  p e r f o r m e d  b e s t  i n  t h e  
c o o l  r e g i m e .  They a l s o  had low b a s e  t e m p e r a t u r e  v a l u e s .  
I t  was found  t h a t  l o w e r  g row ing  t e m p e r a t u r e s  d i d  re d u c e  
p l a n t  d e v e lo p m e n t  and lo w e re d  o v e r a l l  q u a l i t y .  G u e d r y  
(2 6 )  c a l c u l a t e d  t h a t  a  16.6% n e t  s a v i n g s  i n  f u e l  c o s t  
would r e s u l t  i f  t h e  t e m p e r a t u r e  was lo w e re d  from 18 .3°C  
t o  15 .5°C  and a  29.7% n e t  s a v i n g s  would r e s u l t  i f  d rop ped  
t o  1 2 . 7 ° C .  T h e r e f o r e ,  t h e  s a v i n g s  i n  c o s t  f u e l  a l o n e  
s h o u l d  j u s t i f y  f u r t h e r  r e s e a r c h  i n  e s t a b l i s h i n g  p r o p e r  
b a s e  t e m p e r a t u r e s  f o r  o t h e r  f l o r a l  c r o p s .
A r n o l d  (2)  r e c o g n i z e d  t h a t  t h e r e  was much t o  b e  
u n d e r s t o o d  w i t h  t h e  h e a t  u n i t  summation  t h e o r y .  Some o f  
t h e  e r r o r s  t h a t  e x i s t  a r e  p r o b a b l y  due  t o  t h e  f a c t  t h a t ;
1 ) t h e  r e l a t i o n s h i p  b e tw ee n  t e m p e r a t u r e  and t h e  r a t e  o f  
p l a n t  d e v e lo p m e n t  i s  n o t  l i n e a r  b u t  c u r v i l i n e a r ,  2 ) o t h e r  
e n v i r o n m e n t a l  f a c t o r s  b e s i d e s  t e m p e r a t u r e  a f f e c t  t h e  r a t e  
o f  d e v e lo p m e n t  and 3) t h e  t e m p e r a t u r e  m easu red  i n  a s i n g l e  
l o c a t i o n  i s  u se d  a s  a  b a s i s  f o r  p r e d i c t i o n s  i n  t h e  v a r i e d  
m i c r o c l i m a t e s  o f  many f i e l d s .
Even  t h o u g h  e r r o r s  may e x i s t  a n d  t h e r e  h a s  been
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c r i t i c i s m  o f  t h e  h e a t  u n i t  t h e o r y  i n  r e c e n t  y e a r s  (2 7 ,  
3 0 ,  3 1 ,  3 3 ,  3 8 ,  4 2 ) ,  i t  h a s  much v a l u e  i n  p r e d i c t i n g  t h e  
t i m e  o f  m a t u r i t y  f o r  c r o p s .
M a t e r i a l s  and Methods
T h i s  s t u d y  c o n s i s t e d  o f  3 s e p a r a t e  t r i a l s  c o n d u c te d  
i n  1 98 2 ,  1983 and 1 98 4 .  The 1982 t r i a l  was c o n d u c te d  on 
t h e  campus o f  L o u i s i a n a  S t a t e  U n i v e r s i t y  a n d  t h e  1 9 8 3 ,  
1984 t r i a l s  were  c o n d u c te d  a t  M i s s i s s i p p i  S t a t e  U n i v e r s i t y .
1 9 8 2 - T r i a l _ a t _ L o u i s i a n a  S t a t e  U n i v e r s i t y
'A c e '  and ' N e l l i e  W h i t e '  E a s t e r  l i l i e s  f o r  t h e  1982 
t r i a l  w e r e  o b t a i n e d  f ro m  Donald  0 .  Heumann G re e n h o u s e s  
l o c a t e d  a t  New O r l e a n s ,  L o u i s i a n a  on J a n u a r y  2 1 ,  1 9 8 2 .  
The 2 2 .9  t o  2 5 . 4  cm. b u l b s  had b e e n  p r e c o o l e d  and p o t t e d  
i n  l e s s  t h a n  48 h o u r s  on December 3 0 ,  1981 i n t o  15 cm. c l a y  
p o t s ,  d r e n c h e d  w i t h  a  f u n g i c i d e  c o m b i n a t i o n  o f  B e n l a t e  and 
L e s a n  a n d  p l a c e d  i n  a  g l a s s h o u s e  a t  1 8 .3 ° C .  The b u l b s  
were  p o t t e d  i n  a s o i l  m i x t u r e  which  c o n s i s t e d  o f  4 u n s i f t e d  
b a r k ,  5 sphagnum p e a t ,  and 1 s a n d  (V /V /V ) , amended w i t h  
7 . 2  kg»m“ 3 o f  d o l o m i t i c  l i m e ,  0 .7 2  kg«m- 3  o f  1 3 -1 3 -1 3  
( N - P 2 O5 - K 2 O) , 0 . 0 7 2  kg*m~ 3 o f  P e t e r s  f r i t t e d  t r a c e
e l e m e n t s  number 5 55 ,  and  0 .1 4  kg»m“3 0 f  20% i r o n  s u l f a t e  
( P e S 0 4 *7 H2 0 ) . A l l  p l a n t s  w e r e  f e r t i l i z e d  w i t h  e a c h  
i r r i g a t i o n  u s i n g  a 1 :1 2 8  p r o p o r t i o n e r . The s t o c k  s o l u t i o n  
c o n s i s t e d  o f  t h e  f o l l o w i n g  i n  3 7 . 8 5  l i t e r s  o f  s t o c k  
s o l u t i o n :
2 .6 1  k i l o g r a m s  ammonium n i t r a t e  
4 .3 6  k i l o g r a m s  c a l c i u m  n i t r a t e
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2 . 6 1  k i l o g r a m s  p o t a s s i u m  n i t r a t e  
486 m i l l i l i t e r s  p h o s p h o r i c  a c i d  85%
58 m i l l i l i t e r s  molybdenum s t o c k  (23 grams o f  
Na2MoC>4*2H2O/0.946 l i t e r s  o f  w a te r )
73 g ram s s o l u b l e  t r a c e  e l e m e n t  m i x t u r e  (S .T .E .M .)
(15% S ,  1.45% B, 3.20% Cu, 7.50% F e ,  8.15% Mn, 
0.046% Mo, 4.50% Zn)
The f i n a l  s o l u t i o n  c o n t a i n e d  386 ppm N, 118 ppm P ,  a n d  
197 ppm K.
On J a n u a r y  2 2 ,  1 9 8 2 ,  two  p o t s  e a c h  o f  ' A c e 1 and 
• N e l l i e '  W h i t e '  E a s t e r  l i l i e s  w e r e  r a n d o m l y  a s s i g n e d  
t o  4 p o s i t i o n s  i n  a  row i n  t h e  g l a s s h o u s e .  E i g h t  rows 
were  p l a c e d  i n  e a c h  o f  3 s e c t i o n s  o f  t h e  g l a s s h o u s e .  A 
t h e r m o s t a t  c o n t r o l l e d  t e m p e r a t u r e  w i t h i n  e a c h  s e c t i o n  o f  
t h e  g l a s s h o u s e .  I n  t h e  c e n t e r  o f  e a c h  s e c t i o n ,  a  h y g r o -  
t h e r m o g r a p h  c o n t i n u o u s l y  r e c o r d e d  a m b ie n t  a i r  t e m p e r a t u r e .
On F e b r u a r y  1 7 ,  19 8 2 ,  t h e  s h o o t  o f  1 p l a n t ,  a p p r o x i ­
m a t e l y  10 -15  c e n t i m e t e r s  i n  h e i g h t  f rom e a c h  c u l t i v a r  i n  
e a c h  o f  t h e  3 g r e e n h o u s e  s e c t i o n s  was d i s s e c t e d  t o  
d e t e r m i n e  t h e  number o f  l e a v e s  and r e p r o d u c t i v e  b u d s .
Weekly  m e a su re m e n ts  o f  p l a n t  h e i g h t  i n  c e n t i m e t e r s  
a n d  t h e  number o f  l e a v e s  t o  u n f o l d  t o  a  45° a n g l e  were  
r e c o r d e d  f o r  e a c h  p l a n t  i n  a l l  s e c t i o n s .
O th e r  d a t a  r e c o r d e d  f o r  e a c h  p l a n t  i n c l u d e d  p o t t i n g  
d a t e ,  em ergence  d a t e ,  f i r s t  v i s i b l e  bud d a t e ,  f i r s t  open 
f l o w e r  d a t e ,  number o f  f l o w e r s ,  number o f  l e a v e s ,  number
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o f  d a y s  f r o m  p o t t i n g  t o  e m e rg e n c e /  number o f  d a y s  f rom 
p o t t i n g  t o  t h e  a p p e a r a n c e  o f  t h e  f i r s t  b u d ,  nu m b er  o f  
d a y s  f r o m  e m e r g e n c e  t o  t h e  a p p e a r a n c e  o f  t h e  f i r s t  
v i s i b l e  b u d ,  number o f  d a y s  f r o m  p o t t i n g  t o  t h e  f i r s t  
open  f l o w e r ,  number o f  d a y s  f rom  em ergence  t o  t h e  f i r s t  
open  f l o w e r  and number o f  d a y s  f rom t h e  v i s i b l e  b u d  t o  
t h e  f i r s t  open  f l o w e r .
E a s t e r  f o r  t h e  1982 t r i a l  was A p r i l  1 1 ,  1982 .  
1 9 8 3 -T ria l M is s is s ip p i Stat-e_Pniy.e-r.slty
' A c e ' ,  ' N e l l i e  W h i t e '  a n d  ' H a r s o n '  E a s t e r  l i l y  
c u l t i v a r s  were  u s e d .  The 'A c e '  and ' N e l l i e  W h i t e '  b u l b s  
were  d o n a t e d  b y  P a c i f i c  B u lb  G r o w e r s  R e s e a r c h  S t a t i o n  
l o c a t e d  a t  B r o o k i n g s ,  O re g o n .  The 'H a r s o n '  b u l b s  were  
d o n a t e d  by  B a ts o n  Growers  l o c a t e d  a t  P e r k i n g s t o n ,  M i s s i s ­
s i p p i .
Upon a r r i v a l ,  t h e  1 2 .5  t o  15 c e n t i m e t e r  ( c i r c u m f e r ­
e n c e )  b u l b s  w e r e  p l a c e d  i n  a  c o o l e r  a t  1 3 . 3 ° C  f o r  a 
h o l d i n g  t e m p e r a t u r e .  A t  t h e  p r e s c r i b e d  t i m e ,  b u l b s  were 
r em o v e d  f r o m  t h e  h o l d i n g  t e m p e r a t u r e ,  g i v e n  a  2 1 .1°C  
d e v e r n a l i z a t i o n  p e r i o d  f o r  2 weeks and t h e n  p l a c e d  i n  a 
c o o l e r  a t  4 .4 °C  f o r  6 weeks (1000 h o u r s ) .
The b u l b s  were  p o t t e d  December 1 6 ,  1 982 ,  f o r  E a s t e r  
on A p r i l  3 ,  1983 ,  i n t o  g r e e n  p l a s t i c  p o t s  15 c e n t i m e t e r s  
i n  d i a m e t e r .  A p o t t i n g  s o i l  o f  1 n a t i v e  s o i l ,  1 sphagnum 
p e a t  and 1 p e r l i t e  (V/V/V) was u s e d .  D o l o m i t i c  l im e  was 
added  t o  r a i s e  t h e  pH t o  7 . 0 .  The m i x t u r e  c o n t a i n e d  7 4 . 1
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g»m~3 o f  P e t e r s  F r i t t e d  t r a c e  e l e m e n t s  number 5 55 .
A l l  b u l b s  were  d r e n c h e d  w i t h  a  f u n g i c i d e  c o m b i n a t i o n  
o f  L e s a n  (Dexon) 35% w e t t a b l e  powder and T e r r a c l o r  75% 
w e t t a b l e  powder i m m e d i a t e l y  a f t e r  p o t t i n g .  E v e r y  f o u r  
w e e k s  p l a n t s  w e r e  s o i l  d r e n c h e d  w i t h  a  c o m b i n a t i o n  o f  
L esan  and B e n l a t e  (50% W .P .)  o r  T r u b a n  (30% W .P . )  and  
B e n l a t e ,  r e s p e c t i v e l y .
T h r e e  w e e k s  a f t e r  p o t t i n g , 6 g r a m s  o f  O sm o c o te  
1 4 - 1 4 - 1 4  (N -P 2O5 -K2O) p e r  15 cm. d i a m e t e r  p o t  was used  
and a  l i q u i d  f e r t i l i z a t i o n  p ro g ram  u s i n g  P e t e r s  2 0 -2 0 -2 0  
(N-P2O5-K2O) was u s e d  e v e r y  two w e e k s .  A Sm i th  Measuremix 
1:100  f e r t i l i z e r  i n j e c t o r  was u s e d  i n  t h e  a p p l i c a t i o n  o f  
t h e  P e t e r s  2 0 - 2 0 - 2 0  (N-P20 5-K20 ) . I t  a p p l i e d  700 m i l l i ­
l i t e r s  o f  a  s o l u t i o n  c o n t a i n i n g  240 ppm N, 106 ppm P and 
199 ppm K a t  e a c h  f e r t i l i z a t i o n  p e r i o d .
A f t e r  p o t t i n g ,  a l l  p l a n t s  w ere  p l a c e d  i n  a  d o u b l e  
l a y e r  p l a s t i c  q u o n s e t  g r e e n h o u s e  t h a t  was d i v i d e d  i n t o  6 
s e p a r a t e  c o m p a r tm e n ts  e a c h  w i t h  an  i n d i v i d u a l  h e a t e r  and 
h y g r o th e r m o g r a p h  t h a t  c o n t i n u o u s l y  r e c o r d e d  t e m p e r a t u r e .  
The e x p e r i m e n t a l  d e s i g n  was a  f a c t o r i a l  a r r a n g e m e n t  o f  9 
t e m p e r a t u r e  r e g im e s  and 3 c u l t i v a r s  i n  a  rand o m ized  b lo c k  
d e s i g n  w i t h  two r e p l i c a t i o n s .  E a c h  e x p e r i m e n t a l  u n i t  
c o n s i s t e d  o f  10 l i l y  p l a n t s .  T h r e e  minimum n i g h t  t e m p e r ­
a t u r e s  o f  10°C, 1 4 .4 °C  and 1 8 .9 °C  were  s e l e c t e d  b a s e d  on 
t h e  1982 t r i a l .  Each o f  t h e  t e n  p l a n t s  i n  t h e  e x p e r i m e n t a l  
u n i t  were  sp a c e d  20 t o  25 c e n t i m e t e r s  a p a r t .
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A p p r o x i m a t e l y  5 w e e k s  a f t e r  t h e  a v e r a g e  d a t e  o f  
e m e rg en c e ,  p l a n t s  w e re  t r a n s f e r r e d  t o  one  o f  3 p o s s i b l e  
m in im um  n i g h t  t e m p e r a t u r e s .  T h i s  t r a n s f e r  t i m e  was 
c h o se n  s i n c e  f l o r a l  i n i t i a t i o n  had o c c u r r e d .  The f o l l o w i n g  
i s  a  l i s t  o f  t r e a t m e n t s  u s e d :
T r e a tm e n t
I d e n t i f i c a t i o n 0-5 weeks
5 weeks a f t e r  
a v e r  acre em eraence
L-L Low (10°C) Low (10°C)
L-M Low (10°C) Medium (14 .4°C)
L-H LOW (10°C) High (18 .9°C)
M-L Medium (14 .4°C ) Low (10°C)
M-M Medium ( 1 4 . 4 ^ 0 Medium (14 .4°C)
M-H Medium (14 .4°C ) High (18.90C) •
H-L High (18 .9°C ) Low (10°C)
H-M High (18.9QC) Medium (14 .4°C)
H-H High (18 .90C) High (18.90C)
B e g in n in g  on1 J a n u a r y  2 2 ,  1 9 83 ,  (5 weeks a f t e r
p l a n t i n g )  t h e  h e i g h t  o f  e a c h  p l a n t  and t h e  number o f
l e a v e s  t o  u n f o l d t o  a  45°  a n g l e  on e a c h  p l a n t  were
r e c o r d e d  w e e k ly .
On F e b r u a r y 8 , .1983,  s i n g l e  p l a n t s 10 t o  15 c e n t i -
m e t e r s  i n  h e i g h t w ere  s e l e c t e d  a t  random f rom  e a c h
c u l t i v a r  and e a c h  t e m p e r a t u r e  t r e a t m e n t  f o r  d i s s e c t i n g
t h e i r  s h o o t s  t o  d e t e r m i n e  t h e  number o f l e a v e s  and
r e p r o d u c t i v e  b u d s .
O th e r  d a t a  r e c o r d e d  on e a c h  p l a n t  w e re :  em ergence
d a t e ,  f i r s t  v i s i b l e  bud  d a t e ,  f i r s t  open f l o w e r  d a t e ,
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n u m b e r  o f  f l o w e r s ,  n u m b er  o f  l e a v e s ,  f r e s h  a n d  d r y  
w e i g h t s  i n  g r a m s .  H o u r ly  g r e e n h o u s e  t e m p e r a t u r e  r e a d i n g s  
were  r e c o r d e d  f o r  e a c h  o f  t h e  s i x  c o m p a r tm e n t s .  E a s t e r  
f o r  t h e  1983 t r i a l  was A p r i l  3 ,  1983 .
19.84 T r i a l  a t  M i s s i s s i p p i  S t a t e  O n i v e r s i t v
The 1984 t r i a l  was a  r e p e a t  o f  t h e  1983 t r i a l  w i t h  
m o d i f i c a t i o n s .  E a s t e r  f o r  t h e  1984 t r i a l  was A p r i l  2 2 .  
I n  1 9 83 ,  i t  was  A p r i l  3 ,  n i n e t e e n  d a y s  e a r l i e r .  The 
t i m i n g  of-  t h e  1984 t r i a l  was a d j u s t e d  t o  accommodate t h i s  
d i f f e r e n c e .
E a s t e r  l i l y  b u l b s  were  p o t t e d  on J a n u a r y  5 ,  1984 .  
I n  t h e  1983 t r i a l  t h e y  had b e e n  p o t t e d  on December 1 6 ,  
1983 .
I n  1 9 8 4 ,  a n  e x p e r i m e n t a l  u n i t  c o n s i s t e d  o f  f i v e ^  
p l a n t s  r a t h e r  t h a n  t e n  p l a n t s  a s  i n  t h e  1983 t r i a l .
W e e k ly  r e c o r d s  were  begun' on F e b r u a r y  1 0 ,  1984 on 
t h e  h e i g h t  o f  e a c h  p l a n t  and t h e  number o f  l e a v e s  t o  u n f o l d  
t o  a  45°  a n g l e  on e a c h  p l a n t .  I n  1983 ,  t h i s  was begun  on 
J a n u a r y  2 2 ,  1 9 8 3 .
On March 1 2 ,  1 9 8 4 ,  s i n g l e  p l a n t s  10 t o  15 c e n t i m e t e r s  
i n  h e i g h t  were  s e l e c t e d  a t  random from e a c h  c u l t i v a r  and 
e a c h  t e m p e r a t u r e  t r e a t m e n t  f o r  d i s s e c t i n g  t h e i r  s h o o t s  t o  
d e t e r m i n e  t h e  n u m b e r  o f  l e a v e s  a n d  r e p r o d u c t i v e  b u d s  
p r e s e n t .  I n  1983 ,  t h i s  was done  on F e b r u a r y  8 .
The t y p e s  o f  d a t a  c o l l e c t e d  i n  1984 f o r  e a c h  p l a n t  
were  t h e  same a s  t h a t  c o l l e c t e d  i n  1983 .
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E s t i m a t i n g  Base  T e m p e r a tu r e
The b a s e  t e m p e r a t u r e  i s  t h e o r e t i c a l l y  t h e  minimum 
t e m p e r a t u r e  be lo w  w hich  t h e  g r o w th  o r  d e v e lo p m e n t  o f  t h e  
p l a n t  c e a s e s .  The b a s e  t e m p e r a t u r e  f o r  e a c h  c u l t i v a r  o f  
E a s t e r  l i l y  was d e t e r m i n e d  f o r  1983 and 1984 Using  t h e  
x - i n t e r c e p t  m eth o d .
T h r e e  v a r i a b l e s  r e l a t e d  t o  g r o w t h  w e r e  u s e d  f o r  
d e t e r m i n i n g  b a s e  t e m p e r a t u r e ;  1 ) c h an g e  i n  p l a n t  h e i g h t  
(cm) p e r  w eek ,  2) c h a n g e  i n  l e a f  number p e r  week and 3) 
p r o g r e s s  p e r  d a y  d u r i n g  3 g r o w t h  s t a g e s  ( p o t t i n g  t o  
e m e r g e n c e ,  e m e r g e n c e  t o  f i r s t  v i s i b l e  bu d  a n d  f i r s t  
v i s i b l e  bud t o  f i r s t  open  f l o w e r )  . Each o f  t h e s e  d e p e n d e n t  
v a r i a b l e s ' was r e g r e s s e d  on t e m p e r a t u r e .  Each d a t a  p o i n t  
c o n s i s t e d  o f  a  c h an g e  i n  g r o w th  r a t e  o v e r  a  g i v e n  i n t e r v a l  
p l o t t e d  a g a i n s t  t h e  mean t e m p e r a t u r e  f o r  t h e  same i n t e r ­
v a l .  The t h r e e  minimum t e m p e r a t u r e  r e g im e s  and t h e  d a i l y  
f l u c t u a t i o n s  i n  t e m p e r a t u r e  p r o v i d e d  t h e  r a n g e  o v e r  which  
c h a n g e s  i n  g ro w th  were  m e a s u r e d .  An e x t r a p o l a t i o n  f r o m  
t h e  l i n e a r  r e g r e s s i o n  was made and t h e  t e m p e r a t u r e  a t  
w h i c h  e a c h  o f  t h e  d e p e n d e n t  v a r i a b l e s  w a s  z e r o  w as  
d e t e r m i n e d .
The b a s e  t e m p e r a t u r e  was c a l c u l a t e d  s e p a r a t e l y  f o r  
e a c h  c u l t i v a r  and  d a t a  c o l l e c t e d  i n  1983 were  c a l c u l a t e d  
s e p a r a t e l y  f rom d a t a  c o l l e c t e d  i n  1 984 .
The e s t i m a t e d  b a s e  t e m p e r a t u r e  f r o m  1983  a n d  1984 
d a t a  was u s e d  t o  c a l c u l a t e  h e a t  u n i t  r e q u i r e m e n t s  f o r
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r e a c h i n g  m a t u r i t y  i n  a l l  c u l t i v a r s  f o r  1 98 2 ,  1983 and 1 984 .  
C a l c u l a t l n g _ H e a t  Summation U n i t s  
A f t e r  d e t e r m i n i n g  t h e  b a s e  t e m p e r a t u r e ,  t h e  c a l c u l a ­
t i o n  o f  h e a t  summation  u n i t s  i n  t e r m s  o f  d e g r e e - h o u r s  c an  
b e  d e t e r m i n e d .  The f o l l o w i n g  f o r m u la  was u s e d :
H eat  Summation U n i t s  = z • H
where  = t e m p e r a t u r e  r e a d i n g  e v e r y  h o u r  (°C) 
Tb ® b a s e  t e m p e r a t u r e  (°C)
H = h o u r s
W i t h  t h i s  f o r m u l a ,  t h e  n u m b er  o f  d e g r e e - h o u r s  o r  h e a t  
u n i t s  a c c u m u la t e d  f rom  p o t t i n g  t o  m a t u r i t y  was d e t e r m i n e d  
f o r  e a c h  c u l t i v a r  o f  E a s t e r  l i l y .  H e a t  u n i t s  w e r e  
c a l c u l a t e d  f o r  e a c h  o f  t h e  t h r e e  g ro w th  s t a g e s :  p o t t i n g
t o  e m e rg e n c e ,  em erg en ce  t o  f i r s t  v i s i b l e  f l o w e r  bud and 
f rom  f i r s t  v i s i b l e  bud t o  a n t h e s i s .
R e s u l t s  and D i s c u s s i o n
Influence of cultivar and temperature on flower number
' A c e '  c o n s i s t e n t l y  p r o d u c e d  m o r e  f l o w e r s  t h a n  
' N e l l i e  W h i t e '  o r  'H a r s o n '  ( T a b l e s  1 ,  2 ,  3 and F i g .  1 ) .  
T h e re  were  f e w e r  f l o w e r s  o b s e r v e d  on  a l l  c u l t i v a r s  i n  
1984  ( T a b l e  3) c o m p a r e d  w i t h  1983  ( T a b l e  1) b u t  t h e  
p a t t e r n  r e m a i n e d  t h e  sam e w i t h  ' A c e '  p r o d u c i n g  t h e  
g r e a t e s t  number and ' H a r s o n '  t h e  l e a s t .
T he  minimum n i g h t  t e m p e r a t u r e  s e t t i n g  a f f e c t e d  
f l o w e r  number f o r  some c u l t i v a r s .  I n  b o t h  1983 and 1984 ,  
t h e  minimum n i g h t  t e m p e r a t u r e  s e t  d u r i n g  t h e  f i r s t  s t a g e s  
o f  g ro w th  ( f rom  p o t t i n g  t o  5 weeks a f t e r  em ergence)  had 
more e f f e c t  on f l o w e r i n g  ( T a b l e s  1 ,  2 ,  3 and F i g .  1) t h a n  
minimum n i g h t  t e m p e r a t u r e s  l a t e r  i n  t h e  d e v e lo p m e n t  o f  
t h e  p l a n t .  M a i n t a i n i n g  a  minimum t e m p e r a t u r e  o f  10°C 
( 5 0 ° F )  r e s u l t e d  i n  t h e  m o s t  f l o w e r s .  M a i n t a i n i n g  a 
minimum t e m p e r a t u r e  o f  1 8 . 9 ° C  ( 6 6 °F )  r e s u l t e d  i n  t h e  
f e w e s t  number o f  f l o w e r s .
I n  1984 (T a b le  3) , a l l  3 c u l t i v a r s  w ere  a f f e c t e d  i n  
t h e  manner d e s c r i b e d  a b o v e .  However, i n  1 9 83 ,  f l o w e r i n g  
i n  ' N e l l i e  W h i t e '  was much l e s s  s e n s i t i v e  t o  t h e  minimum 
n i g h t  t e m p e r a t u r e  s e t t i n g  t h a n  t h e  o t h e r  c u l t i v a r s  (T a b le
2 ) .
These  r e s u l t s  on f l o w e r i n g  p r e s e n t  an  added  c o m p l i ­
c a t i o n  t o  u s i n g  h e a t  u n i t s  f o r  c o n t r o l l i n g  l i l y  d e v e l o p -
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T a b l e  1 .  Mean number o£ f l o w e r s  f o r  3 c u l t i v a r s  o f
L i l i u m  l o n o i f l o r u m  and f o r  9 t e m p e r a t u r e  t r e a t m e n t s  
i n  1 98 3 .
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * z
T r e a tm e n t *
C u l t i v a r  x T r e a t m e n t *
C u l t i v a r s
Ace 4 .4 1
N e l l i e  W hite 2 .7 6
Harson 2 .2 4
T e m o e r a tu r e  T r e a t m e n t s
10Y -  10* 4 .0 8
10 -  1 4 .5 3 .9 8
10 -  1 8 .9 3 .6 7
1 4 .5  -  10 3 .1 0
1 4 .5  -  1 4 .5 3 .2 3
1 4 .5  -  1 8 .9 3 .0 3
1 8 .9  -  10 2 .4 2
1 8 .9  -  1 4 .5 2 .2 8
1 8 .9  -  1 8 .9
z S i g n i f i c a n t  a t  5% l e v e l
Y Minimum t e m p e r a t u r e s  i n  °C f rom  p o t t i n g  u n t i l  5
weeks a f t e r  em ergence
x Minimum t e m p e r a t u r e s  i n  °C f rom 5 weeks a f t e r  
em ergence  u n t i l  m a t u r i t y
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T a b l e  2 .  Mean number o f  f l o w e r s  p e r  p l a n t  f o r  3
c u l t i v a r s  a c c o r d i n g  t o  t e m p e r a t u r e  t r e a t m e n t s  f o r  
L i l i u m  I o n a i f l o r u m  p l a n t s  i n  1983 .
.flilti.var.
T r e a tm e n t Ace N e l l i e  W hite H arson
10x -  10w a z 5 .9 5 aY b 3 .1 0  ab b 3 .2 0  a
10 -  1 4 .5 a 5 . 9 5 a b 3 .1 5  a b 2 .8 5  ab
10 -  1 8 .9 a 5 .2 5 ab b 3 .0 5  ab b 2 .7 0  abc
1 4 .5  -  10 a 4 .4 0 c b 2 .6 5  ab b 2 .2 5  bed
1 4 .5  -  1 4 .5 a 4 .8 0 be b 2 .7 5  ab b 2 .1 5  bed
1 4 .5  -  1 8 .9 a 4 .2 5 c b 2 .8 0  ab c 2 .0 5  cd
1 8 .9  -  10 a 3 .2 0 d a  2 .5 0  ab b 1 .5 5  d
1 8 . 9  -  1 4 .5 a 2 . 7 0 d ab 2 . 3 5  b b 1 .8 0  d
1 8 .9  -  1 8 .9 3 .15 d a 2 .5 0  ab b 1 .6 0  d
Mean s e p a r a t i o n  w i t h i n  t h e  row b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
Meaij s e p a r a t i o n  w i t h i n  t h e  column by  D u n c a n ' s  
m u l t i p l e  r a n g e  t e s t ,  5% l e v e l
Minimum t e m p e r a t u r e s  i n  °C f rom p o t t i n g  u n t i l  5 
weeks a f t e r  em ergence
w Minimum t e m p e r a t u r e s  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
33
T a b l e  3 .  Mean number o f  f l o w e r s  f o r  3 c u l t i v a r s  o f
L i l i u m  l o n a i f l o r u m  and f o r  9 t e m p e r a t u r e  t r e a t m e n t s  
i n  1 9 84 .
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r *2
T r e a tm e n t *
C u l t i v a r  x T r e a tm e n t nsy
C u l t i v a r s
Abe 2 .9 6 a
N e l l i e  W hite 2 .0 2 b
Harson 1 .7 7 c
T e m p e r a tu r e  T r e a t m e n t s
10X _ i 0w 2 .5 7 ab
10 -  1 4 .5 2 .6 3 a
10 -  1 8 .9 ' 2 .2 0 bed
1 4 .5  -  10 2 .2 7 abc
1 4 .5  -  1 4 .5 2 .3 0 a b c
1 4 .5  -  1 8 .9 2 .1 7 cd
1 8 .9  -  10 2 .2 3 be
1 8 .9  -  1 4 .5 1 .8 3 d
1 8 .9  -  1 8 .9 2 .0 3 cd
z S i g n i f i c a n t  a t  5% l e v e l  
y  N o n s i g n i f i c a n t
x Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum t e m p e r a t u r e  i n  °C f rom 5 weeks a f t e r  
em ergence  u n t i l  m a t u r i t y
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1983
No.floversper ,  
plant 0
I  Aca
H  Nellie White 
□  Harson
Ly-Lx  L-M L-H M-L M-M M-H H-L 
Temperature Treatments
H-M H-H
Fig. 1. Mean number of flowers per plant for 3 cultivars according to 
temperature treatments (L = 10°C, M = 14.4°C, H = 18.9°C) for 
Lilium longiflorum plants in 1983.
y Temperature regime until 5 weeks after emergence.
x Temperature regime 5 weeks after emergence until anthesis.
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m e n t .  To p r o d u c e  a  q u a l i t y  p l a n t  w i t h  a  l a r g e  number o f  
f l o w e r s , i t  may b e  n e c e s s a r y  t o  k e e p  t h e  t e m p e r a t u r e  low 
d u r i n g  t h e  f i r s t  s t a g e  o f  d e v e l o p m e n t  a n d  t h e n  u s e  
t e m p e r a t u r e  t o  c o n t r o l  l a t e r  d e v e l o p m e n t .  The d i f f e r e n c e s  
i n  f l o w e r i n g  b e tw ee n  t h e  L-L and t h e  L-H t r e a t m e n t s  o v e r  
t h e  two y e a r s  was n o t  a p p r e c i a b l e  ( T a b l e s  2 ,  3 ),  making 
t h i s  a p p r o a c h  seem r e a s o n a b l e .
From t h e  p o i n t  o f  v i e w  o f  s a v i n g  e n e r g y ,  t h i s  
s t r a t e g y  i s  a l s o  good b e c a u s e  t h e r e  n e ed  n o t  b e  so  much 
e n e r g y  p u t  i n t o  m a i n t a i n i n g  a  h i g h  t e m p e r a t u r e  d u r i n g  t h e  
c o l d e s t  p a r t  o f  t h e  y e a r .
Influence of cultivar and temperature on plant height
The minimum n i g h t  t e m p e r a t u r e  s e t t i n g  a f f e c t e d  p l a n t  
h e i g h t  f o r  a l l  c u l t i v a r s  d u r i n g  a l l  s t a g e s  o f  g ro w th  i n  
b o t h  1983 and 1 9 84 .  P l a n t  h e i g h t  was r e d u c e d  a s  minimum 
n i g h t  t e m p e r a t u r e s  i n c r e a s e d .
' N e l l i e  W h i t e '  was t h e  s h o r t e s t  o f  t h e  t h r e e  c u l t i v a r s  
s t u d i e d  r e g a r d l e s s  o f  t e m p e r a t u r e  t r e a t m e n t  ( T a b l e s  4 ,  5 ,  
6 , 7 and F i g .  2 ,  3 ) .  'H a r s o n '  was t a l l e r  t h a n  'A c e '  when 
minimum n i g h t  t e m p e r a t u r e s  were  10°C ( 5 0 ° F ) . However, 
t h e  h i g h e r  n i g h t  t e m p e r a t u r e s  r e d u c e d  t h e  h e i g h t  o f  
'H a r s o n '  more t h a n  t h e  h e i g h t  o f  'A c e '  ( T a b l e s  5 ,  7 and 
F i g .  2 , 3 ) .
P l a n t s ,  i n  a l l  c u l t i v a r s  and t e m p e r a t u r e  t r e a t m e n t s ,  
were  t a l l e r  i n  1983 t h a n  1984 p l a n t s .  T h i s  may have  been  
d u e  t o  low e r  d a y  t e m p e r a t u r e s  d u r i n g  t h e  e a r l y  d e v e l o p -
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Table 4. Mean plant height in centimeters for 3
cultivars of Lilium lonaiflorum and for 9
temperature treatments in 1983.
SianLoe s_oi_.YajLi a t io n
C u l t i v a r * 2
T r e a tm e n t *
C u l t i v a r  x T r e a tm e n t *
C u ltiy a x s
Ace 3 8 .6 7
N e l l i e  W hite 3 0 .4 8
H arson 4 0 .1 3
T e m o e r a tu r e  T r e a t m e n t s -
10Y -  10x 4 5 .8 0
10 -  1 4 .5 4 2 .4 8
10 -  1 8 .9 3 5 .3 4
1 4 . 5  -  10 3 9 .4 3
1 4 .5  -  1 4 .5 3 7 .9 8
1 4 .5  -  1 8 .9 3 3 .4 5
1 8 .9  -  10 3 2 .4 0
1 8 .9  -  1 4 .5 3 1 .0 2
1 8 .9  -  1 8 .9 2 9 .9 3
2 S i g n i f i c a n t  a t  5% l e v e l
y  Minimum t e m p e r a t u r e s  i n  °C f rom  p o t t i n g  u n t i l  5 weeks
a f t e r  em ergence
x Minimum t e m p e r a t u r e s  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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Table 5. Mean height in centimeters per plant for 3
cultivars according to temperature treatments for
Lilium lonaiflorum plants in 1983.
C u l t i v a r
T reatm ent__________ &£fi_____________ N e l l i e  W h i te  H arson
10x -- 10W bz 4 6 .5 3 aY C 3 6 .8 8 a a 5 4 .0 0 a
10 - 1 4 .5 b 4 3 .8 5 ab c 3 5 .1 3 ab a 4 8 .4 8 b
10 - 1 8 .9 a 3 7 .0 8 c b 3 0 .8 5 cd a 3 8 .1 0 de
1 4 .5 -  10 b 4 0 .7 5 b c 3 3 .2 8 abc a 4 4 .2 8 c
1 4 .5 -  1 4 .5 a 4 1 .0 5 b b 3 2 .5 0 bed a 4 0 .3 8 d
1 4 .5 -  1 8 .9 a 3 5 .4 5 cd b 2 9 .0 5 de a 3 5 .8 5 ef
1 8 .9 -  10 a 3 6 .2 3 cd b 2 5 .8 5 ef a 3 5 .1 3 ef
1 8 .9 -  1 4 .5 a 3 3 .1 0 d b 2 5 .8 5 ef a 3 4 .1 0 fg
18.9 -.18.9... a _3.3..9.8.cd b .2.4. SLO. f ...a 3 0 .9 0
z Mean s e p a r a t i o n  w i t h i n  t h e  row b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ?  5% l e v e l
Y Mean s e p a r a t i o n  w i t h i n  t h e  column by  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e s  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  emergence
w Minimum t e m p e r a t u r e s  i n  °C f rom 5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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Table 6. Mean plant height in centimeters for 3
cultivars of Lilium Ionaiflorum and for 9 temper­
ature treatments in 1984.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * 2
T r e a tm e n t *
C u l t i v a r  x T r e a tm e n t *
C u l t i v a r s
Ace 2 8 .5 1
N e l l i e  W hite 2 5 .0 2
Harson 36 .8 6
lemp.e.r.a tur.e_l,r.e atmenfes
10Y -  10* 3 7 .4 8
10 -  1 4 .5 3 4 .6 5
10 -  1 8 .9 2 6 .6 8
1 4 .5  -  10 3 4 .8 5
1 4 .5  -  1 4 .5 3 2 .6 2
1 4 .5  -  1 8 .9 2 6 .1 3
1 8 .9  -  10 2 8 .5 3
1 8 .9  -  1 4 .5 2 5 .4 3
1 8 .9  -  1 8 .9 2 4 .7 8
2 S i g n i f i c a n t  a t  5% l e v e l
Y Minimum t e m p e r a t u r e s  i n  °C f rom p o t t i n g  u n t i l  5 weeks
a f t e r  em ergence
x Minimum t e m p e r a t u r e s  i n  °C f rom  5 Weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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Table 7. Mean height in centimeters per plant for 3
cultivars according to temperature treatments for
Lilium longiflorum plants in 1984.
__________________  C u l t i v a r _______________
Treatm ent__________ &C£____________N e l l i e  W hite  H a rso n
10x ■- 10w b z 3 4 .2 5 aY c 3 0 .3 0 a a 4 7 .9 0 a
10 - 1 4 .5 b 3 1 .4 0 ab b 3 0 .0 0 a a 4 2 .5 5 b
10 - 1 8 .9 b 2 6 .1 0 de b 2 3 .5 0 b a 3 0 .4 5 d
1 4 .5 -  10 b 3 3 .2 0 a c 2 8 .0 5 a a 4 3 .3 0 b
1 4 .5 -  1 4 .5 b 2 9 .3 5 be b 2 7 .4 0 a a 4 1 .1 0 b
1 4 .5 -  1 8 .9 b 2 5 .8 5 de c 2 1 .5 5 be a 3 1 .0 0 d
1 8 .9 -  10 b 2 7 .6 5 cd c 2 3 .3 0 b a 3 4 .6 5 c
1 8 .9 -  1 4 .5 b 2 4 .9 0 de c 2 1 .8 0 be a 2 9 .6 0 d
18.9 - .lfli.9..., b _£3jJLQ_ <?_. 1 9 .25_ c a. 31.2.0. d
z Mean s e p a r a t i o n  w i t h i n  t h e  row b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
Y Mean s e p a r a t i o n  w i t h i n  t h e  column b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e s  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum t e m p e r a t u r e s  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l ,  m a t u r i t y
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1983
60
I
Height (cm) 30
m m
Ly-L x L-M
■  Ace
B3 Nellie White 
□  Hereon
L-H M-L M-M M-H H-L 
Temperature Treatments
H-M H-H
Fig. 2. Mean height in centimeters per plant for 3 cultivars accord­
ing to temperature treatments (L = 10°C, M = 14.4°C, H = 18.9°C) 
for Lilium longiflorum plants in 1983.
^ Temperature regime until 5 weeks after emergence.
Temperature regime 5 weeks after emergence until anthesis.
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1984
Height (cm)
■  Ace
S  Nellie White 
□  Harson
a
£ L-M L-H M-L M-M M-H H-L H-M H-H 
Temperature Treatments
Fig. 3. Mean height in centimeters per plant for 3 cultivars 
according to temperature treatments (L = 10°C, M a 14.4°C,
H = 18.9°C) for Lilium longiflorum plants in 1984. 
y Temperature regime until 5 weeks after emergence.
Temperature regime 5 weeks after emergence until anthesis.
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m e n t a l  p e r i o d .  L i l y  p l a n t s  were  p o t t e d  19 d a y s  e a r l i e r  
i n  t h e  1983 e x p e r i m e n t .
The i n f l u e n c e  o f  t e m p e r a t u r e  on p l a n t  h e i g h t  was n o t  
so  l i m i t e d  t o  t h e  f i r s t  s t a g e  o f  g ro w th  a s  was found  w i t h  
f l o w e r  num ber .  I n  o r d e r  t o  p r o d u c e  q u a l i t y  p l a n t s  w i t h  a  
l a r g e  number o f  f l o w e r s  and o f  g o o d  h e i g h t ,  i t  may b e  
n e c e s s a r y  t o  k e e p  p l a n t s  a t  lo w  t e m p e r a t u r e s ,  a ro u n d  
10°C, d u r i n g  t h e i r  e a r l y  s t a g e  o f  d e v e lo p m e n t .  T h i s  a l s o  
would h e l p  t o  c o n s e r v e  e n e r g y .
Influence of cultivar and temperature on number of leaves
The number o f  l e a v e s  o b s e r v e d  on a l l  c u l t i v a r s  was 
i n f l u e n c e d  b y  t e m p e r a t u r e  i n  1 983 .  T h e r e  was a  r e d u c t i o n  
i n  l e a f  n u m b e r  a s  t e m p e r a t u r e  i n c r e a s e d .  I n  1984 ,  t h e  
t o t a l  number o f  l e a v e s  f o r  e a c h  c u l t i v a r  was lo w e r  t h a n  
t h a t  o b s e r v e d  i n  1983 and no r e s p o n s e  t o  t e m p e r a t u r e  was 
d e t e c t e d  ( T a b l e s  8 , 9) .
C u l t i v a r s  d i f f e r e d  i n  t h e  number o f  l e a v e s  p r o d u c e d .  
'A c e '  c o n s i s t e n t l y  p r o d u c e d  m ore  l e a v e s  t h a n  ' N e l l i e  
W h i t e '  o r  'H a r s o n '  i n  b o t h  1983 and 1984 ( T a b le s  8 , 9 ) .
'A c e '  and ' N e l l i e  W h i t e '  b o t h  h a d  m ore  l e a v e s  i n  
1983 t h a n  1 98 4 .  'H a r s o n '  had a s i m i l a r  number o f  l e a v e s  
b o t h  y e a r s .
B a s e d  on  t h e s e  d a t a ,  t h e  nu m b er  o f  l e a v e s  i s  a  
v a r i e t a l  c h a r a c t e r i s t i c  b u t  i t  a l s o  c a n  b e  a f f e c t e d  b y  
t e m p e r a t u r e  u n d e r  some c i r c u m s t a n c e s .  I t  i s  d i f f i c u l t  t o  
know why t h e r e  were  s u c h  l a r g e  d i f f e r e n c e s  be tw een  f l o w e r
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Table 8* Mean number o£ leaves for 3 cultivars of
Lilium lonaiflorum and for 9 temperature treatments
in 1983.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * 2
T re a tm e n t *
C u l t i v a r  x T r e a tm e n t NSY
C u l f c ix a t s
Ace 8 1 .7 2 a
N e l l i e  W hite 6 5 .4 8 b
H arson 5 3 .0 7 c
T e m p e r a tu r e  T r e a tm e n t s
10x -  10W 7 1 .7 5 a
10 -  1 4 .5 6 9 .2 8 ab
10 -  1 8 .9 6 8 .1 0 a b c
1 4 .5  -  10 6 6 .4 5 bed
1 4 .5  -  1 4 .5 6 7 .3 2 bed
1 4 .5  -  1 8 .9 6 7 .8 0 abed
1 8 .9  -  10 6 4 .3 0 c d e
1 8 .9  -  1 4 .5 6 2 .0 3 e
1 8 .9  -  1 8 .9 6.3. *77, de
2 S i g n i f i c a n t  a t  5% l e v e l  
y  N o n s i g n i f i c a n t
x Minimum t e m p e r a t u r e  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum temperature in °C from 5 weeks after emergence
until maturity
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Table 9. Mean number of leaves for 3 cultivars of
Lilium longiflorum and for 9 temperature treatments
in 1984.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * z
T r e a tm e n t Nsy
C u l t i v a r  x T r e a tm e n t NS
C u ltiv a r s .
Ace 6 3 .0 9 a
N e l l i e  W hite 5 3 .6 3 b
Harson 5 4 .9 3 b
T e m p e r a tu r e  T r e a t m e n t s
10X _ iow 5 8 .9 0 a
10 -  1 4 .5 5 7 .9 3 a
10 -  1 8 .9 5 6 .8 7 a
1 4 .5  -  10 5 7 .8 0 a
1 4 .5  -  1 4 .5 5 7 .4 7 a
1 4 .5  -  1 8 .9 5 7 .0 3 a
1 8 .9  -  10 5 7 .6 0 a
1 8 .9  -  1 4 .5 5 5 .3 3 a
1 8 .9  -  1 8 .9 5 6 .0 3 a
2 S i g n i f i c a n t  a t  5% l e v e l
Y N o n s i g n i f i c a n t
x Minimum t e m p e r a t u r e i n  °C f rom  p o t t i n g  u n t i l  5 weeks
a f t e r  em ergence
w Minimum temperature in °C from 5 weeks after emergence
until maturity
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n u m b e r ,  p l a n t  h e i g h t  a n d  l e a f  number f o r  t h e  1983 and 
1984 e x p e r i m e n t s .  Two f a c t o r s  which  may h a v e  h a d  some 
i n f l u e n c e  a r e  p r e c o o l i n g  (58) and d i f f e r e n c e s  i n  s t a r t i n g  
d a t e s •
P r e c o o l i n g  was t h e  same f o r  a l l  c u l t i v a r s  b u t  
W i l k i n s  (5 8 )  s t a t e d  t h a t  ' A c e '  l i l i e s  m u s t  r e c e i v e  a 
t o t a l  o f  6 w e e k s  o f  t e m p e r a t u r e s  a t  1 . 7 ° - 4 . 5 ° C ,  a n d  
' N e l l i e  W h i t e '  l i l i e s  n e e d  6 w e e k s  a t  4 . 5 ° - 7 . 4 ° C .  
'H a r s o n '  l i l i e s  u s u a l l y  r e c e i v e  n a t u r a l  c o o l i n g .  P r e ­
c o o l i n g  t o  4 .5 °C  was a  compromise  f o r  a l l  c u l t i v a r s .
S i n c e  t h e  s t a r t i n g  d a t e s  were  d i f f e r e n t  i n  1983 and 
1 9 8 4 ,  mean d a i l y  t e m p e r a t u r e s  d u r i n g  e a r l y  g r o w th  were  
a l s o  d i f f e r e n t .  T h i s  c o u l d  h a v e  c a u s e d  some o f  t h e  
d i f f e r e n c e s .
Influence of cultivar and temperature on the number of days 
from potting to emergence
'H a r s o n '  r e q u i r e d  f e w e r  number o f  d a y s  f rom  p o t t i n g  
t o  em ergence  t h a n  d i d  'A c e '  o r  ' N e l l i e  W h i t e '  i n  1983 
(T a b le  1 0 ) .  T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  
'A c e '  and ' N e l l i e  W h i t e ' .
I n  1 984 ,  ' N e l l i e  W h i t e '  t o o k  s i g n i f i c a n t l y  more d a y s  
t o  e m e r g e  t h a n  ' A c e '  o r  ' H a r s o n '  ( T a b l e  1 1 ) .  F e w e r  
number o f  d a y s  t o  emerge were  n o t e d  f o r  a l l  c u l t i v a r s  f o r  
1984 a s  compared  t o  1983 ( T a b l e s  1 0 ,  1 1 ) .  T h i s  c o u l d  
p o s s i b l y  be  due  t o  t h e  w a t e r  c o n t e n t  o f  t h e  s t o r a g e  media  
f o r  1984 p l a n t s .  The w a t e r  c o n t e n t  was p o s s i b l y  g r e a t e r
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Table 10. Mean number of days from potting to plant
emergence for 3 cultivars of Lilium lonaiflorum and
for 9 temperature treatments in 1983.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * 2
T r e a tm e n t *
C u l t i v a r  x T r e a t m e n t NSY
C ultiv .axs
Ace 1 2 .8 5 a
N e l l i e  W hite 1 1 .8 9 a
Harson 1 0 .0 0 b
T e m o e r a tu r e  T r e a t m e n t s
1QX -  iow 1 2 .1 3 b
10 -  1 4 .5 1 4 .4 8 a
10 -  1 8 .9 1 2 .2 5 b
1 4 .5  -  10 1 0 .7 5 b
1 4 .5  -  1 4 .5 1 0 .8 0 b
1 4 .5  -  1 8 .9 1 0 .7 8 b
1 8 .9  -  10 1 0 .9 8 b
1 8 .9  -  1 4 .5 1 0 .6 5 b
1 8 .9  -  1 8 .9 b
2 S i g n i f i c a n t  a t  5% l e v e l  
Y N o n s i g n i f i c a n t
x Minimum t e m p e r a t u r e  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum temperature in °C from 5 weeks after emergence
until maturity
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Table 11. Mean number of days from potting to plant
emergence for 3 cultivars of Lilium lonaiflorum and
for 9 temperature treatments in 1984.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * z
T r e a tm e n t Nsy
C u l t i v a r  x T r e a t m e n t NS
C u l t i v a r s
Ace 2 .5 2 b
N e l l i e  W hite 9 .1 2 a
H arson 2 .0 8 b
T e m o e r a tu r e  T r e a t m e n t s
10x -  10W 4 .6 7 a
10 -  1 4 .5 5 .2 0 a
10 -  1 8 .9 4 .8 7 a
1 4 .5  -  10 4 .1 3 a
1 4 .5  -  1 4 .5 4 .9 7 a
1 4 . 5  -  1 8 .9 5 .7 7 a
1 8 .9  -  10 3 .7 0 a
1 8 . 9  -  1 4 . 5 3 .0 3 a
_18 .2  -  18..9 '................... 3. a
2 S i g n i f i c a n t  a t  5% l e v e l  
Y N o n s i g n i f i c a n t
x Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum temperature in °C from 5 weeks after emergence
until maturity
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t h a n  o p t im u m  which  meant  t h a t  some l e a v e s  o f  'A c e '  and 
'H a r s o n '  had begun  t o  expand b e f o r e  p o t t i n g .  T h u s ,  t h e  
d i f f e r e n c e  f rom p o t t i n g  t o  em ergence  i n  t h e  1984 e x p e r i m e n t  
may b e  an  a r t i f a c t  o f  t h e  p r e c o o l i n g  t r e a t m e n t .
T h e r e  was a p p a r e n t l y  l i t t l e  e f f e c t  o f  t e m p e r a t u r e  
w i t h i n  t h e  r a n g e  s t u d i e d  on  t h e  n u m b er  o f  d a y s  f r o m  
p o t t i n g  t o  em ergence  ( T a b le s  1 0 ,  1 1 ) .
Influence of cultivar and temperature on number of days 
from emergence to first visible bud
As minimum n i g h t  t e m p e r a t u r e  s e t t i n g  i n c r e a s e d ,  t h e  
n u m b e r  o f  d a y s  f r o m  e m e r g e n c e  t o  f i r s t  v i s i b l e  bud  
d e c r e a s e d  f o r  a l l  c u l t i v a r s .  'A c e '  r e q u i r e d  t h e  m os t  d a y s  
f rom em ergence  t o  f i r s t  v i s i b l e  bud and i t  a l s o  a p p e a r e d  
t o  be  t h e  c u l t i v a r  w h ich  was l e a s t  s e n s i t i v e  t o  t e m p e r ­
a t u r e .  'H a r s o n '  t o o k  l o n g e r  t h a n  ' N e l l i e  W h i t e '  u n d e r  
low t e m p e r a t u r e  c o n d i t i o n s  b u t  was much more r e s p o n s i v e  
t o  t h e  h i g h e r  t e m p e r a t u r e  t r e a t m e n t s  ( T a b l e s  1 2 ,  1 3 ,  and 
P i g .  4) .
I n  1984  ( T a b l e s  1 4 ,  15 a n d  F i g .  5 ) ,  'A c e '  a g a i n  
r e q u i r e d  more d a y s  f rom em ergence  t o  f i r s t  v i s i b l e  bud  
t h a n  ' N e l l i e  W h i t e '  o r  ' H a r s o n ' .  'H a r s o n '  was e x t r e m e l y  
s e n s i t i v e  t o  t h e  minimum n i g h t  t e m p e r a t u r e  s e t t i n g .
T hese  r e s u l t s  s u g g e s t  t h a t  some l i l y  c u l t i v a r s  may. 
be  more e a s i l y  programmed t h a n  o t h e r s .  I n  t h i s  s t u d y ,  i t  
would seem t h a t  'H a r s o n '  was t h e  c u l t i v a r  m ost  l i k e l y  t o  
r e s p o n d  t o  r e g u l a t i o n  by  h e a t  u n i t s  and 'A c e '  t h e  l e a s t
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Table 12. Mean number o£ days from plant emergence to
first visible bud for 3 cultivars of Lilium
longlflorum and for 9 temperature treatments in 1983.
S o u r c e s  o f _ V a r i a t i o n •
C u l t i v a r * 2
T r e a tm e n t *
C u l t i v a r  x T r e a tm e n t *
C u l t i v a r s
Ace 7 0 .3 6
N e l l i e  W hite 6 1 .5 5
H arson 6 2 .9 6
T e m p e r a tu r e  T r e a t m e n t s
10Y -  10* 7 9 .0 7
10 -  1 4 .5 7 2 .7 2
10 -  1 8 .9 6 4 .8 2
1 4 .5  -  10 7 1 .8 8
1 4 .5  -  1 4 .5 6 7 .9 7
1 4 .5  -  1 8 .9 6 1 .6 3
1 8 .9  -  10 5 9 .2 0
1 8 .9  -  1 4 .5 5 4 .4 5
1 8 .9  -  1 8 .9 5 2 .8 7
2 S i g n i f i c a n t  a t  5% l e v e l
Y Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
x Minimum t e m p e r a t u r e  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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T a b l e  1 3 .  Mean number o f  d a y s  p e r  p l a n t  f rom p l a n t  
e m ergence  t o  f i r s t  v i s i b l e  bud f o r  3 c u l t i v a r s  
a c c o r d i n g  t o  t e m p e r a t u r e  t r e a t m e n t s  f o r  L i l i u m  
l o n q i f l o r u m  p l a n t s  i n  1983 .
C u l t i v a r
T reatm ent______________  N e l l i e  W hite______H arson
10x ■- 10w az 8 2 .6 5 aY b 7 4 .8 0 a a 7 9 .7 5 a
10 - 1 4 .5 a 7 4 .9 0 be b 6 8 .2 5 b a 7 5 .0 0 b
10 - 1 8 .9 a 6 6 .5 0 e b 6 2 .0 0 c a 6 5 .9 5 cd
1 4 .5 -  10 a 7 8 . 3 5 b b 6 9 .2 5 b b 6 8 .0 5 c
1 4 .5 -  1 4 .5 a 7 4 . 2 5 c b 6 5 .4 5 be b 6 4 .2 0 de
1 4 .5 -  1 8 .9 a 6 5 .4 0 e b 5 8 .1 5 d b 6 1 .3 5 e
1 8 .9 -  10 a 7 0 . 4 0 d b 5 5 .5 5 d c 5 1 .6 5 f
1 8 .9 -  1 4 .5 a 6 1 .5 5 f b 5 1 .3 5 e b 5 0 .4 5 f
18.9 -18.9 __ ___-5.9.. 2.0..f b 4.9...15,,,e b. 5 0 .2 5 f
2 Mean s e p a r a t i o n  w i t h i n  t h e  row by  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ;  5% l e v e l
Y Mean s e p a r a t i o n  w i t h i n  t h e  column by  D u n c a n ' s  
m u l t i p l e  r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w .M in im um  t e m p e r a t u r e  i n  °C f rom  5 weeks a f t e r  
em erg en ce  u n t i l  m a t u r i t y
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Fig. 4. Mean number of days per plant from plant emergence to first 
visible bud for 3 cultivars according to temperature treatments 
(L ** 10°C, M ® 14.4°C, H = 18.9°C) for Lilium longiflorum plants 
in 1983.
^ Temperature regime until 5 weeks after emergence.
Temperature regime 5 weeks after emergence until anthesis.
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Table 14. Mean number of days from plant emergence to
first visible bud for 3 cultivars of Lilium
longiflorum and for 9 temperature treatments in 1984.
Sflurg.es QlLJfaLiatlP.n
C u l t i v a r * z
T r e a tm e n t *
C u l t i v a r  x T r e a tm e n t *
C u ltix a x g
Ace 6 5 .4 8
N e l l i e  W hite 5 8 .8 1
H arson 5 1 .8 0
T e m p e r a tu r e  T r e a t m e n t s
10Y -  10x 6 8 .3 3
10 -  1 4 .5 6 3 .5 7
10 -  1 8 .9 6 2 .8 7
1 4 . 5  -  10 6 2 .8 7
1 4 .5  -  1 4 .5 5 8 .4 7
1 4 . 5  -  1 8 .9 5 6 .0 3
1 8 .9  -  10 5 4 .6 7
1 8 .9  -  1 4 .5 5 2 .4 7
1 8 .9  -  1 8 .9 4 9 .0 0  ___  __ .... ... .......  —
z S i g n i f i c a n t  a t  5% l e v e l
y Minimum t e m p e r a t u r e  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
x Minimum temperature in °C from 5 weeks after emergence
until maturity
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T a b l e  1 5 .  Mean number o f  d a y s  f ro m  em ergence  t o  f i r s t  
v i s i b l e  bud  f o r  3 c u l t i v a r s  a c c o r d i n g  t o  t e m p e r a t u r e  
t r e a t m e n t s  f o r  L i l i u m  I o n a i f l o r u m  p l a n t s  i n  1984 .
C u l t i v a r
T reatm ent---------------- &££____________N e l l i e  W h i te  H arson
10x -- 10w a z 7 5 .5 0 aY b 6 9 .3 0 a c 6 0 .2 0 a
10 - 1 4 .5 a 6 9 .3 0 be b 6 1 .2 0 b b 6 0 .2 0 a
10 - 1 8 .9 a 6 6 .3 3 c b 6 2 .0 0 b b 6 0 .3 0 a
1 4 .5 -  10 a 7 0 .9 0 b b 6 5 .9 0 a c 5 1 .8 0 b
1 4 .5 -  1 4 .5 a 6 7 .8 0 be b 5 6 .2 0 cd c 5 1 .4 0 b
1 4 .5 -  1 8 .9 a 6 1 .6 0 d b 5 4 .4 0 d b 5 2 .1 0 b
1 8 .9 -  10 a 6 1 . 8 0 d a 5 8 .7 0 b e b 4 3 .5 0 c
1 8 .9 -  1 4 .5 a 6 0 .9 0 d b 5 3 .1 0 d c 4 3 .4 0 c
18.9 -  1 8 .9  . a _e b _e_ .. . c. „43.. 3.0 c
z Mean s e p a r a t i o n  w i t h i n  t h e  row by  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
y  Mean s e p a r a t i o n  w i t h i n  t h e  column b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum t e m p e r a t u r e  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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Fig. 5. Mean number of days from emergence to first visible bud for 
3 cultivars according to temperature treatments (L = 10°C,
M = 14.4°C, H = 18.9°C) for Lilium longiflorum*plants in 1984. 
y Temperature regime until 5 weeks after emergence.
Temperature regime 5 weeks after emergence until anthesls.
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l i k e l y .  S i n c e  t h e  t im e  b e tw een  em ergence  and b u d d in g  was 
s e n s i t i v e  t o  t e m p e r a t u r e ,  t h e r e  i s  a  b a s i s  f o r  u s i n g  h e a t  
u n i t s .
Influence of cultivar and temperature on the number of 
days from first visible bud to first open flower
'H a r s o n '  r e q u i r e d  more d a y s  f rom  f i r s t  v i s i b l e  bud 
t o  f i r s t  open f l o w e r  i n  a l l  t e m p e r a t u r e  t r e a t m e n t s  e x c e p t  
M-H and H-H t r e a t m e n t s  i n  1983 ( T a b le s  1 6 ,  17 and F i g .  6) 
and a l l  t e m p e r a t u r e  t r e a t m e n t  c o m b i n a t i o n s  i n  1984 (T ab le  
1 8 ,  19) • P l a n t s  e x p e r i e n c i n g  t h e  h i g h e r  minimum n i g h t  
t e m p e r a t u r e s  r e q u i r e d  f e w e r  num ber  o f  d a y s  t o  go  f r o m  
f i r s t  v i s i b l e  bud t o  f i r s t  open  f l o w e r  f o r  b o t h  1983 and 
1 984 .  T h e r e f o r e ,  by  m o n i t o r i n g  a c c u m u la t e d  h e a t  u n i t s  we 
c a n  c o n t r o l  t h e  number o f  d a y s  f rom f i r s t  v i s i b l e  bud t o  
t h e  f i r s t  open f l o w e r  b y  c o n t r o l l i n g  t h e  t e m p e r a t u r e  d u r i n g  
t h i s  s t a g e .
Base Temperature Determination
T h re e  v a r i a b l e s  r e l a t e d  t o  p l a n t  g r o w th  were  u se d  t o  
d e t e r m i n e  t h e  b a s e  t e m p e r a t u r e  f o r  ' A c e ' ,  ' N e l l i e  W h i t e '  
and . 'H a r s o n '  E a s t e r  l i l i e s  f o r  1983 and 1984 (T a b le  2 0 ) .
(a) Change i n  p l a n t  h e i g h t
A r e g r e s s i o n  o f  c h a n g e  i n  p l a n t  h e i g h t  on t e m p e r a t u r e  
was c a l c u l a t e d  f o r  'A c e '  ( F i g .  7 ) ,  ' N e l l i e  W h i t e '  ( F i g .  8) 
and 'H a r s o n '  ( F i g .  9) E a s t e r  l i l i e s  t o  d e t e r m i n e  t h e  b a s e  
t e m p e r a t u r e .  The  t e m p e r a t u r e  a t  w h i c h  t h e r e  was no
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T a b l e  1 6 .  Mean number o f  d a y s  f rom  f i r s t  v i s i b l e  bud t o  
f i r s t  open  f l o w e r  f o r  3 c u l t i v a r s  o f  L i l i u m  
I o n a i f l o r u m  and f o r  9 t e m p e r a t u r e  t r e a t m e n t s  i n  1983 .
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * z
T r e a tm e n t *
C u l t i v a r  x T r e a t m e n t *
C u l t i v a r s
Ace 3 3 .6 2
N e l l i e  W hite 3 6 .1 2
Harson 3 6 .6 7
T e m p e r a tu r e  T r e a t m e n t s
10Y -  10x 4 0 .9 2
10 -  1 4 .5 3 5 .8 7
10 -  1 8 .9 2 9 .8 8
1 4 .5  -  10 4 1 .1 3
1 4 .5  -  1 4 .5 3 6 .3 2
1 4 .5  -  1 8 .9 2 9 .2 5
1 8 .9  -  10 4 1 .5 0
1 8 .9  -  1 4 .5 3 5 .5 0
18.9.7.18.9 2 8 .8 7
2 S i g n i f i c a n t  a t  5% l e v e l
y Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
x Minimum temperature in °C from 5 weeks after
emergence until maturity
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T a b l e  1 7 .  Mean number o f  d a y s  f rom  f i r s t  v i s i b l e  bud  t o  
f i r s t  open  f l o w e r  f o r  3 c u l t i v a r s  a c c o r d i n g  t o  
t e m p e r a t u r e  t r e a t m e n t s  f o r  L i l i u m  I o n a i f l o r u m  p l a n t s  
i n  1 98 3 .
.Culfc.i.v.ar.
T reatm ent__________ &££____________N e l l i e  W h i te  H arson
10* ■- 10w c z 3 8 .7 5 a y b 4 1 .2 0 a a 4 2 .8 0 a
10 - 1 4 .5 b 3 4 .3 5 b a 3 6 .4 5 b a 3 6 .8 0 b
10 - 1 8 .9 a 2 9 .1 5 c a 3 0 .0 5 c a 3 0 .4 5 c
1 4 .5 -  10 c 3 8 .5 0 a b 4 1 .5 5 a a 4 3 .3 5 a
1 4 .5 -  1 4 .5 b 3 3 .7 0 b a 3 7 .1 0 b a 3 8 .1 5 b
1 4 .5 -  1 8 .9 b 2 8 .6 5 c a 3 0 .3 5 c b 2 8 .7 5 d
1 8 .9 -  10 b 3 8 .0 0 a a 4 2 .6 0 a •a 4 3 .9 0 a
1 8 .9 -  1 4 .5 b 3 3 .6 5 b a 3 5 .9 5 b a 3 6 .9 0 b
1 8 .9 -  1 8 .9 b 2 7 .8 5 a. 2 9 .8 0 _C _ ab. 2 8 .9 5 d
z Mean s e p a r a t i o n  w i t h i n  t h e  row b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
y  Mean s e p a r a t i o n  w i t h i n  t h e  column by  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e  i n  °C f rom p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum t e m p e r a t u r e  i n  °C f rom  5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
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Temperature Treotmente
Fig. 6. Mean number of days from first visible bud to first open 
flower for 3 cultivars according to temperature treatments 
(L = 10°C, M = 14.4°C, H = 18.9°C) for Lilium longiflorum plants
in 1983.
y
Temperature regime until 5 weeks after emergence.
Temperature regime 5 weeks after emergence until anthesis.
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Table 18. Mean number of days from first visible bud to
first open flower for 3 cultivars of Lilium
longiflorum and for 9 temperature treatments in 1984.
S o u r c e s  o f  V a r i a t i o n
C u l t i v a r * z
T re a tm e n t *
C u l t i v a r  x T r e a t m e n t *
C u lt lv a c s
Ace 3 3 .4 4
N e l l i e  W hite 3 5 .0 4
Harson 3 7 .9 9
Teimexatur.e_..XL£afcii\en.ts
10Y -  10x 3 9 .1 3
10 -  1 4 .5 '3 6 .0 3
10 -  1 8 .9 3 1 .6 3
1 4 .5  -  10 4 0 .1 3
1 4 .5  -  1 4 .5 3 5 .4 0
1 4 .5  -  1 8 .9 3 1 .5 3
1 8 .9  -  10 3 9 .1 3
1 8 .9  -  1 4 .5 3 5 .2 3
1 8 .9  - 1 8 . 9 31.20 , , .....
z S i g n i f i c a n t  a t  5% l e v e l
Y Minimum t e m p e r a t u r e  i n  °C f rom  p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
x Minimum temperature in °C from 5 weeks after emergence
until maturity
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T a b l e  1 9 .  Mean number o f  d a y s  f rom f i r s t  v i s i b l e  bud t o  
f i r s t  open f l o w e r  f o r  3 c u l t i v a r s  a c c o r d i n g  t o  
t e m p e r a t u r e  t r e a t m e n t s  f o r  L i l i u m  l o n a i f l o r u m  p l a n t s  
i n  1984 .
C u l t i v a c
T r e a tm e n t _Ace N e l l i e  W hite H arson
l 0x -  low b z 3 6 .2 0 abY b 3 8 .0 0 a a 4 3 .2 0 a
10 -  1 4 .5 b 3 4 .9 0 b e ab 3 5 .8 0 b a 3 7 .4 0 b
10 -  1 8 .9 a 3 0 .8 0 de a 3 1 .8 0 c a 3 2 .3 0 c
1 4 .5  -  10 b 3 7 .5 0 a b 3 8 .9 0 a a 4 4 .0 0 a
1 4 .5  -  1 4 .5 c 3 2 .7 0 cd b 3 5 .3 0 b a 3 8 .2 0 b
1 4 .5  -  1 8 .9 b 3 0 .0 0 e b 3 0 .8 0 c a 3 3 .8 0 c
1 8 .9  -  10 b 3 6 .3 0 ab b 3 8 .2 0 a a 4 2 .9 0 a
1 8 .9  -  1 4 .5 b 3 2 .8 0 cd a 3 5 .5 0 b a 3 7 .4 0 b
1 8 .9  -  1 8 .9 b .0 a 3 2 .7 0 ..C,
z Mean s e p a r a t i o n  w i t h i n  t h e  row b y  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
Y Mean s e p a r a t i o n  w i t h i n  t h e  column by  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t ,  5% l e v e l
x Minimum t e m p e r a t u r e  i n  °C from p o t t i n g  u n t i l  5 weeks 
a f t e r  em ergence
w Minimum t e m p e r a t u r e  i n  °C from 5 weeks a f t e r  em ergence  
u n t i l  m a t u r i t y
T a b l e  2 0 .  D e t e r m i n a t i o n  o f  b a s e  t e m p e r a t u r e  b y  v a r i o u s  m ethods f o r  h e a t  u n i t  
sum m ations  w i t h  3 c u l t i v a r s  o f  L i l i u m  l o n a i f l o r u m  f o r  1983 and 1984 .
Base T e m p e ra tu re (°C)
Method 'A c e ' i' N e l l i e  W h i t e ' 'H a r s o n '
1983 1984 1983 1984 1983 1984
Change i n  P l a n t  
H e ig h t  (cm) 9 . 8 4 . 5 7 . 1 2 7 .2 9 . 5 3 8 .1
r2  0 .70 9 4 0 .4973 0 .6 8 7 4 0 .2157 0 .7 4 4 1 0 .13 7 2
Change i n  L ea f
Number - 0 . 2 1 - 8 . 5 - 2 . 3 - 8 . 8 3 . 9 - 2 8 . 2
r 2 0 .3057 0 .26 9 8 0 .75 4 9 0 .14 5 3 0 .6909 0 .2 0 70
P r o g r e s s  p e r  d ay  
f rom  p o t t i n g  u n t i l  
em ergen ce2 - 3 9 . 0 5 4 .8 - 9 . 4 8 .9 - 4 . 5 5 . 4
r 2 0 .1334 0 .0196 0 .6608 0 .4423 , 0 .6 4 5 2 0 .1 4 5 5
P r o g r e s s  p e r  d ay  
from em ergence  u n t i l  
f i r s t  v i s i b l e  budY - 4 . 6 0 .0 1 .9 2 .7 4 .0 1 .6
r 2 0 .6577 0 .8 7 71 0 .8702 0 .7932 0 .8860 0 .90 1 0
P r o g r e s s  p e r  d a y  
f rom f i r s t  v i s i b l e  
bud u n t i l  f i r s t  open 
f l o w e r *  4 .2 2 . 3 4 . 4 4 .3 5 . 9 1 .3
r 2 0 .9232 .....  0 ..77M . .0.9562 ..._Q.»8224. .0.8967,.. Q...853.4
2 100 d i v i d e d  by  number o f  d a y s  t o  em ergence
Y 100 d i v i d e d  b y  number o f  d a y s  f rom em ergence  t o  f i r s t  v i s i b l e  bud
x 100 d i v i d e d  by  number o f  d a y s  f rom  f i r s t  v i s i b l e  bud t o  f i r s t  open  f l o w e r
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Fig. 7. Regressions of mean change in  plant height per week on mean
temperature for 'Ace1 Easter l i l y  in  1983 and in  1984.
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Fig. 8. Regressions of mean change in  plant height per week on mean
temperature for 'N e llie  White' Easter l i l y  in  1983 and in  1984.
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Fig. 9. Regressions of mean change in  plant height per week on mean
temperature for 'Harson' Easter l i l y  in  1983 and in  1984.
65
ch an g e  i n  h e i g h t  ( x - i n t e r c e p t )  was 9 .8 ° C  f o r  ' A c e ' ,  7 .1 °C  
f o r  ' N e l l i e  W h i t e '  and 9 .5 °C  f o r  'H a r s o n '  u s i n g  1983 d a t a  
w i t h  r e s p e c t i v e  r 2 v a l u e s  o f  0 . 7 0 9 4 ,  0 .6 8 7 4  and 0 . 7 4 4 1 .  
The b a s e  t e m p e r a t u r e s  c a l c u l a t e d  i n  t h e  same manner u s i n g  
1984  d a t a  w e r e  v e r y  d i f f e r e n t  and  had  r 2 v a l u e s  t h a t  
were  v e r y  low (T a b le  20) . The b a s e  t e m p e r a t u r e s  c a l c u l a t e d  
f r o m  1983  d a t a  a r e  c l e a r l y  b e t t e r  e s t i m a t e s  t h a n  t h o s e  
c a l c u l a t e d  f rom 1984 d a t a .  However, t h e  v a r i a b i l i t y  i n  
t h i s  g r o w th  p a r a m e t e r  f rom  one  y e a r  t o  t h e  n e x t  s u g g e s t s  
t h a t  f a c t o r s  o t h e r  t h a n  t e m p e r a t u r e  c a n  b e  more i m p o r t a n t  
i n  c e r t a i n  c i r c u m s t a n c e s  i n  a f f e c t i n g  c h a n g e s  i n  p l a n t  
h e i g h t .
(b) Change i n  l e a f  number
S i n c e  t e m p e r a t u r e  i s  u s e d  t o  c o n t r o l  t h e  r a t e  o f  
l e a f  u n f o l d i n g  i n  E a s t e r  l i l i e s ,  i t  was a s su m e d  t h a t  a 
g o o d  r e l a t i o n s h i p  w o u ld  e x i s t  b e t w e e n  t h e  n u m b er  o f  
l e a v e s  u n f o l d i n g  t o  a  45 d e g r e e  a n g l e  and t e m p e r a t u r e .
The b a s e  t e m p e r a t u r e  c a l c u l a t e d  f o r  e a c h  c u l t i v a r  was 
q u i t e  d i f f e r e n t  f rom  one  y e a r  t o  t h e  n e x t  and most  o f  t h e  
r 2 v a l u e s  were  d i s a p p o i n t i n g  (T a b le  20 and  F i g s .  1 0 ,  11 ,  
1 2 ) .  Using  change  i n  l e a f  number a s  a  m e a su re  o f  g ro w th
i n  d e t e r m i n i n g  b a s e  t e m p e r a t u r e  was  l e s s  s a t i s f a c t o r y
t h a n  u s i n g  c h a n g e s  i n  p l a n t  h e i g h t .
(c)  P r o g r e s s  p e r  d a y  o v e r  3 g ro w th  p h a s e s
T h re e  g ro w th  p h a s e s  were  s e l e c t e d .  T h e y  w e r e ;  1) 
t h e  p e r i o d  from p o t t i n g  t o  e m e rg e n c e ,  2) t h e  p e r i o d  from
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Fig. 10. Regressions of mean change- in  le a f  number per week on mean
temperature for 'Ace' Easter l i l y  in  1983 and in  1984.
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Fig. 11. Regressions of mean change in  le a f  number per week on mean
temperature for 'N e llie  White1 Easter l i l y  in  1983 and in  1984.
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Fig. 12. Regressions of mean change in  le a f  number per week on mean
temperature for 'Harson' Easter l i l y  in  1983 and in  1984.
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e m e r g e n c e  t o  £ i r s t  v i s i b l e  bud and 3) t h e  p e r i o d  f rom 
f i r s t  v i s i b l e  bud t o  f i r s t  open f l o w e r .  The s e n s i t i v i t y  
o f  t h e s e  3 g r o w t h  p h a s e s  t o  t e m p e r a t u r e  w ere  e v a l u a t e d  
s e p a r a t e l y .
The p r o g r e s s  p e r  d a y  f o r  t h e  p e r i o d  p o t t i n g  u n t i l  
e m ergence  y i e l d e d  low r 2 v a l u e s  and much v a r i a t i o n  i n  e s t i ­
m a te s  o f  b a s e  t e m p e r a t u r e  ( T a b l e  20 a n d  F i g s .  1 3 ,  1 4 ,  
15)  . The  p o o r  r e l a t i o n s h i p  b e tw ee n  d e v e lo p m e n t  d u r i n g  
p o t t i n g  t o  em ergence  and t e m p e r a t u r e  s u g g e s t e d  t h a t  t h e  
g r o w th  o f  t h e  l i l y  p l a n t  i s  f a i r l y  i n s e n s i t i v e  t o  t e m p e r ­
a t u r e  a t  t h i s  e a r l y  s t a g e  and t h a t  h e a t  u n i t s  m e a s u r e d  
d u r i n g  t h i s  p h a s e  o f  g r o w t h  c o u ld  p r o v i d e  a  s o u r c e  o f  
e r r o r  i f  t h i s  p e r i o d  i s  i n c l u d e d  i n  h e a t  u n i t  c a l c u l a t i o n s  
t o  p r e d i c t  p r o g r e s s  to w a rd  m a t u r i t y .
The p r o g r e s s  p e r  d ay  f o r  t h e  p e r i o d  em ergence  u n t i l  
f i r s t  v i s i b l e  f l o w e r  bud  g a v e  a  b a s e  t e m p e r a t u r e  o f  
- 4 . 6 ° C  i n  1983 and 0 .0 °C  i n  1984 f o r  'A c e '  ( F i g .  1 6 ) ,  a 
b a s e  t e m p e r a t u r e  o f  1 .9 °C  i n  1983 and 2 .7 ° C  i n  1984 f o r  
' N e l l i e  W h i t e '  ( F i g .  17) and a b a s e  t e m p e r a t u r e  o f  4 .0 °C  
i n  1983 and 1 .6°C  i n  1984 f o r  'H a r s o n '  ( F i g .  1 8 ) .  The r 2 
v a l u e s  were  r e a s o n a b l y  h i g h  f o r  a l l  y e a r s  and c u l t i v a r s  
e x c e p t  f o r  'A c e '  i n  1983 (T a b le  20) . D i s c o u n t i n g  t h i s  
l a t t e r  e s t i m a t e  a n d  a v e r a g i n g  o v e r  t h e  o t h e r s  w h i c h  
r a n g e d  f rom 0 ° - 4 ° ,  a  b a s e  t e m p e r a t u r e  o f  2°C was c a l c u ­
l a t e d .
The p r o g r e s s  p e r  d a y  f o r  t h e  p e r i o d  f i r s t  v i s i b l e
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Fig. 13. A regression  of mean progress per day from potting to
emergence on mean temperature for 'Ace' Easter l i l y  in  1983.
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Fig. 14. A regression  of mean progress per day from potting to
emergence on mean temperature for 'N e llie  White1 Easter l i l y  in
1983.
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Fig. 15. A regression  of mean progress per day from potting to
emergence on mean temperature for 'Harson* Easter l i l y  in  1983.
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Fig. 16. Regressions of mean progress per day from emergence to f i r s t
v is ib le  bud on mean temperature for 'Ace' Easter l i l y  in  1983 and
in  1984.
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Fig. 17. Regressions of mean progress per day from emergence to first
v is ib le  bud on mean temperature for 'N e llie  White' Easter l i l y  in
1983 and in 1984.
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Fig. 18. Regressions of mean progress per day from emergence to f i r s t
v is ib le  bud on mean temperature for 'Harson' Easter l i l y  in  1983
and in  1984.
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b u d  u n t i l  f i r s t  o p e n  f l o w e r  h a d  b a s e  t e m p e r a t u r e s  o f  
4 .2 ° C  i n  1983  a n d  2 . 3 ° C  i n  1984  f o r  'A c e '  ( F i g .  1 9 ) ,  
4 . 4°C i n  1 9 8 3  a n d  4.3<>C i n  1984  f o r  ' N e l l i e  W h i t e '  
( F i g .  20) and 5 .9 ° C  i n  1983 and 1 .3 °C  i n  1984 f o r  'H a r s o n '  
( F i g .  2 1 ) .  The r2  v a l u e s  were  a g a i n  r e a s o n a b l y  h i g h  f o r  
a l l  y e a r s  and c u l t i v a r s  ( T a b l e  20)  . B a se  t e m p e r a t u r e  
e s t i m a t e s  r a n g e d  f ro m  1 . 3  t o  5 .9 °C  and a v e r a g e d  3 .7°C  f o r  
a l l  c u l t i v a r s  o v e r  t h e  two y e a r s .
I t  a p p e a r s  t h a t  t h e  p r o g r e s s  p e r  d a y  f rom emergence  
t o  f i r s t  v i s i b l e  b u d  a n d  p r o g r e s s  p e r  d a y  f ro m  f i r s t  
v i s i b l e  b u d  u n t i l  f i r s t  open f l o w e r  were  t h e  p h a s e s  o f  
g ro w th  where  t e m p e r a t u r e  h a s  t h e  m o s t  e f f e c t  on p l a n t  
d e v e lo p m e n t  and c a n  b e  u s e d  m ost  e f f e c t i v e l y  i n  c o n t r o l l i n g  
m a t u r a t i o n .  From t h e  a n a l y s i s  o f  t h e  d a t a  c o l l e c t e d  i n  
1983 and 1984 i t  would  a p p e a r  t h a t  p r o g r e s s  p e r  day  from 
e m ergence  t o  f i r s t  v i s i b l e  f l o w e r  b ud  a n d  f ro m  f i r s t  
v i s i b l e  f l o w e r  b u d  t o  a n t h e s i s  g i v e  t h e  most  r e l i a b l e  
e s t i m a t e s  o f  b a s e  t e m p e r a t u r e .  I t  would a l s o  a p p e a r  t h a t  
h e a t  u n i t s  s h o u l d  b e  m e a s u r e d  o v e r  t h e s e  two g r o w t h  
p h a s e s  and i g n o r e d  f o r  t h e  i n i t i a l  g r o w t h  p h a s e  f r o m  
p o t t i n g  t o  e m e r g e n c e .
Heat Unit Summations
H e a t  u n i t s  (°C * h r s )  were  m easu red  f o r  a l l  t h r e e  
c u l t i v a r s  f o r  1983 and  1984 d u r i n g  two g r o w t h  p h a s e s  -  
em ergence  t o  f i r s t  v i s i b l e  bud and f i r s t  v i s i b l e  bud t o  
f i r s t  o p e n  f l o w e r .  I n  a c c o r d a n c e  w i t h  t h e  r e s u l t s
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Fig. 19. Regressions of mean progress per day from f ir s t  v is ib le  bud
to anthesis on mean temperature for 'Ace1 Easter l i l y  in  1983 and
in  1984.
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Fig. 20. Regressions of mean progress per day from f ir s t  v is ib le  bud
to an thesis  on mean temperature for 'N e llie  White' Easter l i l y  in
1983 and in  1984.
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Fig. 21. Regressions of mean progress per day from f ir s t  v is ib le  bud
to anthesls on mean temperature for 'Harson1 Easter l i l y  in  1983
and in  1984.
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d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  on "B ase  T e m p e r a tu r e  
D e t e r m i n a t i o n " , a  b a s e  t e m p e r a t u r e  o f  2°C was u se d  f o r  
t h e  p l a n t  g ro w th  p h a s e  f rom  em ergence  t o  f i r s t  v i s i b l e  
b u d  a n d  a  b a s e  t e m p e r a t u r e  o f  3 . 7 ° C  was u se d  f o r  t h e  
g r o w th  p h a s e  f i r s t  v i s i b l e  bud t o  f i r s t  op en  f l o w e r  on  
a l l  c u l t i v a r s  (T a b le  2 1 ) .  T h re e  o t h e r  m ethods  o f  c a l c u ­
l a t i n g  h e a t  u n i t s  w ere  compared w i t h  t h i s  m e tho d .  These  
m e t h o d s  u s e d  e i t h e r  0 ° C ,  2°C o r  3 . 7 ° C  o v e r  t h e  whole  
p e r i o d  f rom  em ergence  t o  f i r s t  open  f l o w e r .
' N e l l i e  W h i t e '  g a v e  t h e  b e s t  u n i f o r m i t y  i n  h e a t  
u n i t s  f o r  a l l  t h r e e  y e a r s  f rom em ergence  t o  f i r s t  o p e n  
f l o w e r  compared  w i t h  t h e  o t h e r  two c u l t i v a r s  r e g a r d l e s s  
o f  t h e  method u s e d  i n  c a l c u l a t i n g  h e a t  u n i t s  (T a b le  2 1 ,
22)  • I n  f a c t ,  h e a t  u n i t  r e q u i r e m e n t s  were  m ost  a l i k e  
o v e r  t h e  3 y e a r  p e r i o d  when a b a s e  t e m p e r a t u r e  o f  0°C was 
u s e d  f o r  ' N e l l i e  W h i t e '  r a t h e r  t h a n  e x t r a p o l a t e d  e s t i m a t e s  
o f  b a s e  t e m p e r a t u r e .
U s in g  a b a s e  t e m p e r a t u r e  o f  0°C f o r  e a c h  o f  t h e  
g r o w th  p h a s e s  a v e r a g i n g  o v e r  t h e  3 y e a r  p e r i o d ,  ' N e l l i e  
W h i t e '  r e q u i r e d  2 4 ,5 9 6  h e a t  u n i t s  t o  grow f rom  em ergence  
t o  f i r s t  v i s i b l e  bud  ( a n  a v e r a g e  o f  432 h e a t  u n i t s  a 
d a y ) .  An a v e r a g e  o f  1 6 ,6 5 3  h e a t  u n i t s  was need ed  t o  grow 
' N e l l i e  W h i t e '  f rom  f i r s t  v i s i b l e  bud u n t i l  f i r s t  o p e n  
f l o w e r  (490 h e a t  u n i t s  a  d a y ) .
' H a r s o n '  g a v e  t h e  n e x t  most  c o n s i s t e n t  h e a t  u n i t s  
f o r  t h e  two y e a r s  i t  was m easu red  (T a b le  2 1 ,  22) . Hea t
T a b l e  21:  H ea t  u n i t s  u s i n g  b a s e  t e m p e r a t u r e s  o f  0°C, 2°C ,  3 .7 °C  and a
c o m b i n a t i o n  o f  2°C and 3 .7 °C  f o r  t o t a l  h e a t  u n i t s  f rom  em ergence  t o  f i r s t  
v i s i b l e  f l o w e r  f o r  3 c u l t i v a r s  o f  L i l i u m  l o n a i f l o r u m  f o r  1982 ,  1983 and 
1 984 .
T o t a l Heat  U n i t s from em ergence t o  f i r s t  open f l o w e r
C u l t i v a r
Base  T e m p e ra tu re
Year ooc 2°C and 3.7°CZ 2°C 3 .7 °C
1982 3 7 ,4 4 8 3 2 ,7 2 4 3 3 , 8 3 8 .1 3 0 , 7 6 9 . 9
'A c e ' 1983 44 ,5 43 3 8 ,2 8 3 3 9 , 6 1 3 .4 3 5 , 4 2 3 . 2
1984 4 3 ,253 3 7 ,143 3 8 . 5 0 5 . 8 3 4 ,4 7 0 .7
' N e l l i e 1982 4 1 ,0 8 8 3 5 ,9 0 0 3 7 ,1 5 6 . 7 3 3 ,8 1 5 . 2
W h i t e ' 1983 4 1 ,187 3 5 ,1 1 8 3 6 , 5 5 0 .2 3 2 , 6 0 8 . 9
1984 41 ,472 3 5 ,5 4 2 3 6 .9 6 9 .6 3 3 ,1 4 2 . 6
'H a r s o n ' 1983 42 ,067 3 5 ,8 7 3 3 7 , 3 2 9 .4 3 3 , 3 0 2 . 4
1984 3 9 ,0 9 6  . 3 3 .2 3 6 ..... . 3 4 ,2 8 5.«.6 „ ......... 3 1 , 1 2 1 . 8  ...
Using  2°C a s  t h e  b a s e  t e m p e r a t u r e  f o r  t h e  p e r i o d  emergence  t o  f i r s t  v i s i b l e  bud 
and 3 .7 °C  a s  t h e  b a s e  t e m p e r a t u r e  f o r  t h e  p e r i o d  f i r s t  v i s i b l e  bud t o  f i r s t  
open f l o w e r .
T a b l e  22:  Maximum d i f f e r e n c e  i n  h e a t  u n i t s  f rom em ergence  t o  f i r s t  open  f l o w e r
f o r  e a c h  o f  3 l i l y  c u l t i v a r s  f o r  1982 ,  1983 and 1984 .
C u l t i v a r s
Base T e m p e ra tu re
OOC 2°C and 3.7<>CZ 2°C 3.7°C
'A c e ' 18.9% 17.0% 17.1% 15.1%
' N e l l i e  W h i t e ' 0.9% 2.2% 1.7% 3.7%
'H a r s o n ' 7.6% 7.9% 7.3% 7.0%
Using  2°C a s  t h e  b a s e  t e m p e r a t u r e  f o r  t h e  p e r i o d  em ergence  t o  f i r s t  v i s i b l e  
bud and 3 .7°C  a s  t h e  b a s e  t e m p e r a t u r e  f o r  t h e  p e r i o d  f i r s t  v i s i b l e  bud t o  f i r s t  
open f l o w e r .
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u n i t s  c a l c u l a t e d  f o r  'A c e '  were  t h e  m os t  v a r i a b l e  f rom  
one  y e a r  t o  t h e  n e x t .
E xam in ing  h e a t  u n i t s  s e p a r a t e l y  f o r  t h e  two p h a s e s  
o f  g r o w th r  i t  was o b s e r v e d  t h a t  h e a t  u n i t s  a c c u m u l a t e d  f rom 
f i r s t  v i s i b l e  bud t o  f i r s t  open  f l o w e r  w e re  v e r y  c o n s i s t e n t  
b e tw e e n  c u l t i v a r s  and o v e r  y e a r s  (T a b le  2 3 ) .  The maximum 
d i f f e r e n c e  a c r o s s  c u l t i v a r s  and y e a r s  was o n l y  10.9% f o r  
t h i s  g r o w th  p h a s e .  By c o n t r a s t , t h e  maximum d i f f e r e n c e  
a c r o s s  c u l t i v a r s  and y e a r s  f rom em ergence  t o  f i r s t  v i s i b l e  
bud was 28.3%.
E xam in ing  t h e  r e s u l t s  o f  c a l c u l a t i n g  h e a t  u n i t s  by  
d i f f e r e n t  m e th o d s ,  i t  became c l e a r  t h a t  t h e  m ost  c o n s i s t e n t  
r e s u l t s  f rom one  y e a r  t o  t h e  n e x t  was n o t  a c h i e v e d  by  one  
method a l o n e  f o r  e v e r y  c u l t i v a r .  As m e n t i o n e d  b e f o r e ,  
h e a t  u n i t s  c a l c u l a t e d  f o r  ' N e l l i e  W h i t e '  w e r e  m o s t  
c o n s i s t e n t  when t h e  b a s e  t e m p e r a t u r e  was 0°C (T a b le  22) . 
H ea t  u n i t s  c a l c u l a t e d  f o r  'A c e '  and  ' H a r s o n '  w e r e  m o s t  
c o n s i s t e n t  when a  b a s e  t e m p e r a t u r e  o f  3 .7 °C  was u se d  f rom 
em ergence  t o  f i r s t  open  f l o w e r  (T a b le  2 2 ) .
T h ese  r e s u l t s  q u e s t i o n  t h e  v a l i d i t y  o f  u s i n g  2°C a s  
t h e  b a s e  t e m p e r a t u r e  f r o m  e m e r g e n c e  t o  f i r s t  v i s i b l e  
b u d .  The t e m p e r a t u r e  r e g im e s  o f  t h e s e  e x p e r i m e n t s  were  
s u c h  t h a t  c o n s i d e r a b l e  e x t r a p o l a t i o n  was n e c e s s a r y  t o  
i n t e r c e p t  t h e  X - a x i s  and e s t i m a t e  b a s e  t e m p e r a t u r e .  T h i s  
c o u l d  e x p l a i n  some o f  t h e  e r r o r  i n  e s t i m a t i n g  b a s e  
t e m p e r a t u r e .  A l th o u g h  more e x t r a p o l a t i o n  was r e q u i r e d  t o
T a b le  23:  Heat  u n i t s  and d a y s  o f  g ro w th  f o r  d i f f e r e n t  g ro w th  s t a g e s  o f  3 c u l t i v a r s
o f  L i l i n m  I o n a i f l o r u m  f o r  1982 ,  1983 and 1984 .
Heat  U n i t s  f o r  a ro w th  s t a a e s Y
C u l t i v a r Year
Days f rom Emergence t o  
em ergence  t o  f i r s t  v i s i b l e  
f i r s t  v i s i b l e  bud budx
Days f rom  f i r s t  
v i s i b l e  bud t o  f i r s t  
open f l o w e r
F i r s t  v i s i b l e  
bud t o  f i r s t  
ooen f l o w e r w
1982 4 7 .9 2 0 ,0 5 1 2 7 .3 12 ,6 7 3
'A c e ' 1983 7 0 .1 2 4 ,9 7 0 3 2 .6 13 ,3 1 3
1984 6 5 .5 24 .5 22 3 3 .4 12 .62 1
' N e l l i e 1982 5 1 .1 2 1 ,9 0 2 3 0 .8 13 ,9 9 8
W h i t e ' 1983 6 1 .5 21 ,4 0 6 3 5 . 1 1 3 ,7 1 2
1984 5 8 .8 22 .2 54 3 5 .0 13 .2 88
'H a r s o n ' 1983 6 3 .0 2 1 ,9 9 4 3 5 .7 13 ,8 79
1984 5 1 .8 19,465 .... 3 8 .0 13 .7 7 1
Y T o t a l  h e a t  u n i t s  -  ( b a s e  t e m p e r a t u r e  x 24 x number d a y s  f o r  i n t e r v a l )  
x 2 .0°C  u se d  a s  t h e  b a s e  t e m p e r a t u r e
w 3 .7°C  u se d  a s  t h e  b a s e  t e m p e r a t u r e
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e s t i m a t e  b a s e  t e m p e r a t u r e  f o r  t h e  f i n a l  p h a s e  o f  g r o w t h ,  
a  r e - e x a m i n a t i o n  o f  T a b l e  20 r e v e a l s  t h a t  g r o w t h  o v e r  
t h i s  p h a s e  was  h i g h l y  d e p e n d e n t  on t e m p e r a t u r e  and t h e  
b a s e  t e m p e r a t u r e  d e r i v e d  f rom  t h i s  d a t a  was p o s s i b l y  more 
a c c u r a t e .
Summary and C o n c l u s i o n s
The p u r p o s e  o f  t h i s  r e s e a r c h  was t o  s t u d y  t h e  e f f e c t  
o f  s e v e r a l  f o r c i n g  t e m p e r a t u r e s  on t h e  d e v e lo p m e n t  o f  
t h r e e  c u l t i v a r s  o f  E a s t e r  l i l i e s  and t h e  r e l a t i o n s h i p  o f  
h e a t  u n i t s  t o  t h e i r  d e v e l o p m e n t .
' A c e '  c o n s i s t e n t l y  p r o d u c e d  m o r e  f l o w e r s  t h a n  
' N e l l i e  W h i t e '  o r  ' H a r s o n '  i n  1983 and 1984 w i t h  few er  
f l o w e r s  b e i n g  o b s e r v e d  f o r  a l l  c u l t i v a r s  i n  1984 .
M a i n t a i n i n g  a minimum t e m p e r a t u r e  o f  10°C d u r i n g  t h e  
f i r s t  s t a g e s  o f  g r o w th  ( f ro m  p o t t i n g  t o  5 w e e k s  a f t e r  
e m e rg en c e )  r e s u l t e d  i& t h e  m ost  f l o w e r s .  M a i n t a i n i n g  a 
minimum t e m p e r a t u r e  o f  1 8 .9 °C  d u r i n g  t h i s  same s t a g e  o f  
g ro w th  r e s u l t e d  i n  t h e  f e w e s t  number o f  f l o w e r s .
T e r m in a l  p l a n t  h e i g h t  was a  f u n c t i o n  o f  t e m p e r a t u r e  
b u t  v a r i e d  among c u l t i v a r s .  The h i g h e r  t h e  minimum n i g h t  
t e m p e r a t u r e ,  t h e  s m a l l e r  t h e  p l a n t  h e i g h t .  ' N e l l i e  
W h i t e '  was t h e  s h o r t e s t  o f  t h e  t h r e e  c u l t i v a r s  s t u d i e d  
r e g a r d l e s s  o f  t h e  t e m p e r a t u r e  t r e a t m e n t .  'H a r s o n '  had 
t h e  g r e a t e s t  mean p l a n t  h e i g h t  f o r  b o t h  y e a r s .  P l a n t s  
w e r e  t a l l e r  i n  1983  t h a n  19 8 4  f o r  a l l  c u l t i v a r s  and  
t e m p e r a t u r e  t r e a t m e n t s .
T h e r e  was a c u l t i v a r  d i f f e r e n c e  i n  t h e  number o f  
l e a v e s  p r o d u c e d .  'A c e '  c o n s i s t e n t l y  p r o d u c e d  more l e a v e s  
t h a n  ' N e l l i e  W h i t e '  o r  ' H a r s o n '  i n  1983 a n d  1 9 8 4 .  
'H a r s o n '  was s i m i l a r  f o r  b o t h  y e a r s .  I n  1 98 3 ,  t h e r e  was
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a  r e d u c t i o n  i n  l e a £  number w i t h  h i g h e r  t e m p e r a t u r e s .  I n  
1 984 ,  f e w e r  l e a v e s  w ere  p r o d u c e d  f o r  e a c h  c u l t i v a r  t h a n  
i n  1983 and no r e s p o n s e  t o  t e m p e r a t u r e  was d e t e c t e d .
C o n c e r n i n g  t h e  n u m b er  o f  d a y s  f r o m  p o t t i n g  t o  
e m e r g e n c e , t h e r e  was a p p a r e n t l y  no s i g n i f i c a n t  e f f e c t  o f  
t e m p e r a t u r e .
' A c e '  r e q u i r e d  m ore  d a y s  f ro m  em ergence  t o  f i r s t  
v i s i b l e  bud t h a n  ' N e l l i e  W h i t e '  o r  'H a r s o n '  f o r  1983 and 
1984 .  ' H a r s o n '  showed a  d e c r e a s e  i n  d a y s  f rom em ergence  
t o  f i r s t '  v i s i b l e  bud a s  minimum n i g h t  t e m p e r a t u r e  s e t t i n g  
i n c r e a s e d .
T h e  h i g h e r  minimum n i g h t  t e m p e r a t u r e s  p r o d u c e d  
p l a n t s  t h a t  r e q u i r e d  f e w e r  n u m b er  o f  d a y s  t o  go f r o m  
f i r s t  v i s i b l e  b u d  t o  f i r s t  o p e n  f l o w e r  f o r  1983  a n d  
1984 .  G e n e r a l l y ,  'H a r s o n '  r e q u i r e d  more d a y s  t h a n  'A c e '  
o r  ' N e l l i e  White* t o  go f rom  f i r s t  v i s i b l e  bud t o  f i r s t  
open f l o w e r .
A b a s e  t e m p e r a t u r e  f o r  u s e  i n  summing h e a t  u n i t s  was 
d e v e l o p e d  f o r  ' A c e ' ,  ' N e l l i e  W h i t e '  and 'H a r s o n '  E a s t e r  
l i l y  u s i n g  c h a n g e  i n  p l a n t  h e i g h t ,  c h an g e  i n  l e a f  number 
and p r o g r e s s  p e r  d a y  o v e r  3 g r o w th  s t a g e s  a s  c r i t e r i a  o f  
d e v e l o p m e n t a l  p r o g r e s s .
B a s e  t e m p e r a t u r e s  o f  9 . 8 ° C  f o r  ' A c e ' ,  7,.1°C f o r  
' N e l l i e  W h i t e ' ,  a n d  9 . 5 ° C  f o r  ' H a r s o n '  f o r  1983 w ere  
d e t e r m i n e d  t o  b e  b e s t  r e l a t e d  t o  c h a n g e s  i n  p l a n t  h e i g h t .  
H o w e v e r ,  t h e r e  was  s u c h  v a r i a b i l i t y  i n  1984 t h a t  i t
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s u g g e s t s  t h a t  f a c t o r s  o t h e r  t h a n  t e m p e r a t u r e  a r e  i n v o l v e d .
Change i n  l e a f  number u se d  a s  a  m e a su re  o f  g ro w th  i n  
d e t e r m i n i n g  b a s e  t e m p e r a t u r e  was l e s s  s a t i s f a c t o r y  t h a n  
c h a n g e s  i n  p l a n t  h e i g h t .
A b a s e  t e m p e r a t u r e  was d e v e l o p e d  f o r  e a c h  c u l t i v a r  
f o r  p r o g r e s s  p e r  d a y  o v e r  3 g r o w th  p h a s e s  ( t h e  p e r i o d  f rom 
p o t t i n g  t o  e m e rg e n c e , t h e  p e r i o d  f ro m  em ergence  t o  f i r s t  
v i s i b l e  bud and t h e  p e r i o d  f rom  f i r s t  v i s i b l e  bud t o  f i r s t  
open f l o w e r ) .
F o r  t h e  p e r i o d  p o t t i n g  u n t i l  e m e r g e n c e ,  t h e  p r o g r e s s  
p e r  d ay  gave  low r ^  v a l u e s  and much v a r i a t i o n  i n  e s t i m a t i o n  
o f  b a s e  t e m p e r a t u r e .  The p o o r  r e l a t i o n s h i p  h e r e  i n d i c a t e s  
t h a t  t h e  l i l y  p l a n t  i s  f a i r l y  i n s e n s i t i v e  t o  t e m p e r a t u r e  
a t  t h i s  e a r l y  s t a g e  and c o u l d  p r o v i d e  a  s o u r c e  o f  e r r o r  
i f  t h i s  p e r i o d  i s  i n c l u d e d  i n  h e a t  u n i t  c a l c u l a t i o n s  t o  
p r e d i c t  p r o g r e s s  to w a rd  m a t u r i t y .
The p r o g r e s s  p e r  d a y  f o r  t h e  p e r i o d  em ergence  u n t i l  
f i r s t  v i s i b l e  f l o w e r  bud  a n d  t h e  p e r i o d  f i r s t  v i s i b l e  
f l o w e r  bud  u n t i l  f i r s t  o p e n  f l o w e r  were  t h e  p h a s e s  o f  
g ro w th  where t e m p e r a t u r e  h a d  t h e  m o s t  e f f e c t  on  p l a n t  
d e v e l o p m e n t .  A b a s e  t e m p e r a t u r e  o f  2°C was c a l c u l a t e d  
f o r  t h e  p e r i o d  em ergence  u n t i l  f i r s t  v i s i b l e  f l o w e r  b u d .  
A b a s e  t e m p e r a t u r e  o f  3 .7 ° C  was c a l c u l a t e d  f o r  t h e  p e r i o d  
f i r s t  v i s i b l e  f l o w e r  bud  u n t i l  f i r s t  open  f l o w e r .  T hese  
two g ro w th  s t a g e s  a p p e a r  t o  g i v e  t h e  m os t  r e l i a b l e  e s t i ­
m a te s  o f  b a s e  t e m p e r a t u r e .
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H e a t  u n i t s  w e r e  m e a s u r e d  f o r  a l l  t h r e e  c u l t i v a r s
d u r i n g  two g r o w t h  p h a s e s  f o r  1983  a n d  1 9 8 4 .  ' N e l l i e
W h i t e '  g a v e  t h e  b e s t  u n i f o r m i t y  i n  h e a t  u n i t s  f o r  a l l
t h r e e  y e a r s  f o l l o w e d  b y  'H a r s o n '  t h e n  ' A c e ' .
Us ing  t h e  d i f f e r e n t  b a s e  t e m p e r a t u r e s  i t  was o b s e r v e d
t h a t  a c c u m u la t e d  h e a t  u n i t s  f rom  em ergence  t o  f i r s t  open
f l o w e r  w e r e  m o s t  c o n s i s t e n t  a c r o s s  y e a r s  when a  b a s e
■ *
i
t e m p e r a t u r e  o f  0°C was u se d  f o r  ' N e l l i e  W h i t e '  and when a 
b a s e  t e m p e r a t u r e  o f  3 .7 ° C  was u s e d  f o r  'A c e '  and ' H a r s o n ' .
The g r o w th  p h a s e  f i r s t  v i s i b l e  b u d  t o  f i r s t  o p e n  
f l o w e r  was s t r o n g l y  d e p e n d e n t  on t e m p e r a t u r e .  The b a s e  
t e m p e r a t u r e  d e r i v e d  f rom  t h i s  p e r i o d  (3 .7°C )  i s  p r o b a b l y  
t h e  m ost  a c c u r a t e  a t t a i n a b l e  f rom  t h e s e  d a t a .
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A p p e n d ic e s
App. 1 . Mean values o f p la n t v a ria b le s  according to  mininum n ig h t ten p era tu re  treatm ent fo r  1983 and 
1984 growing seasons. Means rep resen t average values fo r 'Ace1, 'N e llie  W hite' and 'H arson' E aste r 
l i l i e s .
________________________ Dayg-.in period________________________
emergence to  f i r s t  v is ib le  p o ttin g  to  
P lan t Flower Leaf P o ttin g  f i r s t  v is ib le  bud to  f i r s t  f i r s t  open 
Temperature heigh t (cm) number number to  emergence bud open flow er flow er
Treatm ent 1983 1984 1983 1984 1983 1984 1983_1984____1983 1984__1232 1984 1983 1984
Iff -  L2 45.8 37.5 4.08 2.57 _71.8 58.9__12.1__ 4*Z____79.1 68.3__42*2 39.1 132.1 112.1
....L-z-M______42.5 34.7 3 ,9 8 - 2 .63 -69-.3„ .5 7 .9 -1 4 ,5 ____5*2____72.7 63.6__35*2 36.0 123.1 104.8
L— H—  35.3  26.7 3 .67.. 2 .2 0 -6 8 .1 .....56 .9 - 12.3__ 4*2____64.8  -62.9__22*2 31.6 107.0 99.4
M -L  39.4 34.9 3 .10 2.27 66.5 57.8 10.8___4*1 71.9 62.9__41*3____ 40.1 123.8 107.1
M -.M_____ 38 .Q... 32.6 3*23....2.30 -62 .3  5 7 .5 -1Q .8___5*2___ 63*2___53*5__36*3____35*4_115*1____28*2
M -  H_____ 33.5 26.1 3 .03 . 2.17 ..67.8 5 7 .0 -.1 0 .8____5*3 61.6 56.0__22*3____31*5__ 121*2__ 23*2
H - L_____ 32.4 . 28.5 2.42. 2.23 -.64.3 57.6 ..1 1 .0 ____ 3*2 59.2 54.7__41*5____39.1__ 111.2__ 22*5.
B r H ______31.0- 25 .4 2* 28 -1 .8 3  -62 .Q -5 5 .3 -1 P .7 ___3*2___ 54*5___52*5__35*5____35*2_122*2___ 22*1
H — H 29.9 24.8 2.42 2.03 63.8 56.0 11.4___4*3___ 52*2___42*2__23*2____31*2___ 23*2__ 35*2
Mean 36.4 30.1 3.13 2.25 66.8 57.2__ 11.6___4*6___ 63*2__ 53*2__ 35*5_35*5___ 112*2__23*2
_____________ Night ten p era tu re  regime from pottin g  u n t i l  5 weeks a f te r  emergence______________________
 L______ 41.2 33.0 3.91 2.47 69.7 57.9___13.0___4*2___ 22*2__ 64*2__ 35*6_35*6___ 12Q.7-..1Q5.4
 M 37.0 31.2 3.12 2.25 67.2 57.4___10.8___5*2___ 62*2___52*1__ 35*6_35*2___ 113*5__22*3
H 31.1 26.2 2.37 2.03 63.4 56.3__ 11.0___3*3___ 55*5__ 52*1__ 35*3_35*2___ 101.9 91.1
_____________ Night ten p era tu re  regime from 5 weeks a f te r  emergence u n t i l  f i r s t  open flow er____________
 L 39.2 33.6 3.20 2.36 67.5 58.1___11.3___4*2___ 22*1__ 62*2__ 41*2_32*4___ 122.5..105.2
 H_______ 37.2 30.9 3.16 2.25 66.2 56.9___12.0___4*4____65*1___53*2___35*2__35*5____113*6__23*1
 H_______ 32.9 25.9 3.04 2.13 66.6 56.6___11.5___5*2____52*3___56*2___22*4__31*4____122*6__22*5
y  Tenperature regime from p o ttin g  u n til  5 weeks a f te r  emergence
2 Tenperature regime 5 weeks after emergence until first open flower
App. 2. Mean values of plant variables for 'Ace1 Easter lilies according to roiniirum night tenperature
treatment for 1983 and 1984 growing seasons.
_____________________ Davs in  period _______________
i emergence to  f i r s t  v is ib le  p o ttin g  to
P lan t Flower Leaf P o ttin g  f i r s t  v is ib le  bud to  f i r s t  f i r s t  open
Tenperature heigh t (cm) nunber nuirber to  emergence bud open flow er flow er
JC ieatnent___1223___1984. .1983-1984. 1983 1984. .1983 1984____1223___ 1224__ 1223___1224______ 1983 1984
I y - L 2__ 46 ,5 3 -3 4 .2 5 -5 .9 5  2 .9 -8 6 .5 5 ... 60.8.. 12.85. 3 .0__82.65 75.50 38.75 36.20 134.25 114.70
L -  «____ 43.85 31.40 5.95 3 .2 _ 8 6 .3 5  65.6_ 13.60 2 .9  74.90 69.30 34.35 34.90 122.85 107.10
, L— .H____ 37.08 26.10 5.25 3 .0  85.00 63.6 12.55 1 .6  66.50 ' 66.33 29.15 30.80 108.20 98.73
M - h____ 40.75 33.20 4.40 2 .9  82.05 63.5 12.05 2 .9__78.35 70.90 38.50 37.50 128.90 111.30
  M—  n____ 41.05 29.35 4.80 2.9, 82.85 62.3 13.25 1 .3  74.25 67.80 33.70 32.70 121.20 101.80
„,M— H____ 3 5 .4 5 _ 2 5 .85 _ 4 .2 5  . 2 .9 -. 84.45 . 62 .2 12.1Q 3.3__65.40 61.60 28.65 30.00 106.15 94.90
H—..L____ 36.23— 27.65  3 .2 Q ...3 .2 -7 9 .Q 5 -6 5 .3 -1 3 .1 5 -4 .0 ___70.40 61.80 38.00 36.30 121.55 102.10
H -M  33.10 24.90 2.70 2.7  72.65 60.7 12.40 1.3__61.55 60.90 33.65 32.80 1P7.60 95.00
H -  B____ 33.98 23.90....3 .15 .2.9- -76.55. 63 .8  13.70 . 2 .4___ 59.20... 55.20. 27 .85 29.80 1QQ.75___87.4ft
Mean 38.67 28.51 4.41 3 .0  81.72 63.1 12.85 2 .5__ 70.36__65.48.-_33*.62...3ft.44. 116.83 .. 101.45
____________ Night ten p era tu re  regime from Pottin g  u n t i l  5 weeks a f t e r  emergence_________________________
L 42.49 30.58 5.72 3 .0  85.97 63.3 13.00 2.5_74.6 8 - 7 0 ^ 8 -  34.08 33.97 121a77.-IQ 6.81
 M 39.08 29.47 4.48 2 .9  83.12 62.7_ 1 2 .4 7 _ 2 .5__ 72.67 66.77 .33.62.... 33*40. 118.75 -1Q2.62
 H 34.44 25.48 3.02 2 .9  76.08 63.3 13.08 2.6_6 3 .7 2 -5 9 .3 0 -  33.17 32.97 109.97___94.8ft
____________ Night ten p era tu re  regime from 5 weeks a f t e r  emergence u n t il  f i r s t  open flow er-----------------------
L 41.17 31.70 4.52 3 .0  82.55 63.2 12.68 3.3_77.13_69.4Q _ 38.42 36.67 128.23 JLQ9.31
M 39.33 28.55 4.48 2 .9  80.62 62.9 13.08 1.8_70.23 66.00 33.90 33.47 117.22 ^101.38
H 35.50 25.28 4.22 2 .9  82.00 63.2 12.78 2 .4_6 3 .7 0  61 >04 . 28.55 30.20 105..Q3___23*68
Y Tenperature regime from p o ttin g  u n til  5 weeks a f te r  emergence
2 Tenperature regime 5 weeks after emergence until first open flower
App. 3. Mean values of plant variables for 'Nellie White* Easter lilies according to minimum night
tenperature treatment for 1983 and 1984 growing seasons.
________________________ Pays... in  period_________________________
emergence to  f i r s t  v is ib le  p o ttin g  to  
P lan t Flower Leaf P o ttin g  f i r s t  v is ib le  bud to  f i r s t  f i r s t  open 
Tenperature heigh t (cm) lumber lumber to  emergence bud open flow er flow er
Treatment____ 12S3 1984 1983 19.8.4- 1283-128.4-1283____ 1284_1983—  1984___ 1983 1984 1983 1984
t i r - L Z __36.88 30.30 3.10 2 .4  69.35 54.2 12.85________74.80 69.30 41.20 38.00 128.85 116.1
L -M ____ 35.13 ,3 0 .0 0 ,3 .1 5  2.4 65*35..52,3.. 1 3 ,6 5 -1 2 ,5___ 68.25 61.20 36.45 35.80 118.35 109.5
 L--.H ____ 3 0 ,8 5 -2 3 * 5 0 -3 .0 5  2 .2 65.05 53.7 13.15___8*8_62.00 62.00 30.05 31.80 105.20 101.8
. M— ,L____ 33.28,,, 28*05...2*65- 2*0- 64,75.56.3 ,11.65______2*4_69.25 65.90 41.55 38.90 122.45 112.2
, M _ M____32.50 27.40 2.75 2 .0  68.55 53.1 10.55 12.2 65.45 56.20 37.10 35.30 113.10 103.7
M -r- H______ 29.05 21.55 ,. 2.80 2 .1  66*20-56*1., 11.40____ 9*8_5 8 .1 5 -5 4 .4 0 , 30.35, 3Q.80___99.90 95.0
H -  L____25.85 23.30 2.50 1 .8   63*85 53 .4  11.05____6*9_55.55 58.70 42.60 38.20 109.20 103.8
H.~ M____25.85 21.80 2.35 1 ,6 .. 62.35 52.0 11.35____2*6_51.35 53.10 35.95 35.50 98.65 96.2
— H_=_H____ 24.90 19.25 2.50 1.7 63.85 51.6 11.40 8 .9  49.15 48.50 29.80 31.10 90.35__
Mean 30.48 25.02 2.76 2 .0  65.48 53.6__ 11.89___2*1__61.55 58*81- ,36.12 35.04 ..109,56-103*6-
<
______________ Night ten p era tu re  regime from pottin g  u n t il  5 weeks a f t e r  emergence________________________
L 34.29 27.93 3.10 2 .3  66.58 53.4__ 13.22___2*8__68.35 64.17 35.90 35.20 117.47 109.13
M 31.61 25.67 2.73 2 .0  66.50 55.2__ 11.20___2*8__64.28_58*83_.36*33.„.35*QQ_-111.82-103*63
 H 25.53 21.45 2.45 1.7 63.35 52.3 11.27__1*8_52.02. 53.43 36.12 34.93__99*48__96*11
______________ Night ten p era tu re  regime from 5 weeks a f te r  emergence u n t il  f i r s t  flow er___________________
 L 32.00 27.22 2.75 2 .1  65.98 54.6 11.85__ 2*2_66.53-64 .63-41 .78  38.37 .120.17-110*20
 M 31.16 26.40 2.75 2 .0  65.42 52.5 11.85 _10.8____ 61.68-56*83- 36.50 35.53 110.03 103.13
 H 28.27 21.43 2.78 2 .0  65.03 53.8 11.98__ 9*9_56.43- 54.97- 30.07 31.23__98*48__96*18
y  Tenperature regime from p o ttin g  u n til  5 weeks a f te r  emergence
x Tenperature regime 5 weeks after emergence until first open flower
App. 4. Mean values o£ plant variables for 'Harson' Easter lilies according to mininum night tenperature
treatment for 1983 and 1984 growing seasons.
________________________ Davs in  period_______________________
emergence to  f i r s t  v is ib le  p o ttin g  to  
P lan t Flower Leaf P o ttin g  f i r s t  v is ib le  bud to  f i r s t  f i r s t  open
Tenperature he ig h t (cm) nuirher nuirber to  emergence bud open flow er flow er
-Treatment___ 1283 1984 .1983. 198.4.-1983____1984. .1983___ 1284___1283___1984 1983 1984 1983 1984
I f f - L 2 54.00 47.90 3.20 2 .4__59*35 -61.7_1Q.7Q___ 2*2__79.75 60.20 42.80 43.20 133.25 105.6
_ L---M_____ 48.48 42.55 - 2 .8 5 - 2 .3 __56*15. -55.9—16.28___ 0*2__75.00 60.20 36.80 37.40 128.00 97.8
L -  H 38.10 30.45 2.70 1.4___ 54.25 53.3 11.05 5 .0  65.95 60.30 30.45 32.30 107.45 97.6
-M  - -L____ 4 4 .2 8 - 43*30--. 2 .25  1 .9 52.55 -53.6___8*55__ 2*1__68.05 51.80 43.35 44.00 119.95 97.9
. . M -  M_____ 40.38 41.10 ■■■2.15— 2.0__50 .55 .-57 .0___ 8*60___1*4__64.20 51.40 38.15 38.20 110.95 91.0
— ____ 35.85 3 1 .0 0 -.2 .0 5 -1 .5 ___ 52.75 -52.8___8.85 4.2  61.35 52.10 28.75 33.80 98.95 90.1
—H..--L____ 35.13 34.65 -1 .5 5  1.7___ 5Q.0Q . 54.]___8*25__ 0*2__ 51.65 43.50 43.90 42.90 104.30 86.6
 34.10 2 9 .6 0 -1 .8 0 -1 .2 ___ 51.10 -53.3___8*20__ 0*2__50.45 43.40 36.90 37.40 95.55 81.0
-H -r -H____ 30.90 3 1 .2 0 . 1.60.. 1.5 50.90 ..52.7___2*10__ 3*2__50.25.. 43.30 _28.95„„ 32.70 -88 .30__22*2
Mean 40.14 36.86 2.24 1 .8__ 53*07— 54.9—10JM?— 2*1____ 62.96. 51.80 .36.67... 37*99. . 109.63__21*2
______________ Night ten p era tu re  regime from pottin g  u n t i l  5 weeks a f te r  emergence________________________
L 46.86 40.30 2.92 2 .0  56.58 57.0 12.65 2 .5  73.57 60.23 36.68 37.63 122.90 100.3
_U _________ 40.17 38.47 2.15 1 .8  51.95 54.5___8*62__ 2*6___6 4 .5 3 - 51*77.-36.75 38.67_109.25___22*0.
_H  33.38 31.82 1.65 1 .5__ 50*6.7.. -53 .4____ 8*68__ 1.2 , ^ 5 0 .2 8 -4 3 .4 0 .36 .58 37.67__ 26*05___82*2
______________ Night tem perature regime from.5 weeks a f te r  emergence u n t i l  f i r s t  open flow er______________
_ L 44.47 41.95 2.33 2 .0  53.97 56.5___ 9*33___1*5____66.48-51*83...43 .35...43*37. 119.12__26*1
 M 40.99 37.75 2.27 1.8  52.60 55.4 11.00__ 0*6___63.22 51.67 37.28 37.67 111.5Q— 20*0
 H 34.95 30.88 2.12 1 .5  52.63___52.9___9*62__ 4*1___59.18-51*20..-.29.38...32*23__ 28*24— 82*0
y  Tenperature regime from p o ttin g  u n til  5 weeks a f te r  emergence
2 Tenperature regime 5 weeks a f te r  emergence u n til  f i r s t  open flow er
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